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SubaMtuted lactams and their use as anti-cancer agents 

The present invention relates to the area of therapeutic agents for the treatment of cancer. 
More particularly, the present Invention relates to certain substituted lactams, pharmaceutical 
compositions comprising said lactam compounds, a method of treating cancer vvith said 
lactam compounds, and a process for preparing said lactam compounds. 

BACKGROUND 

Cancer Is a serious health problem throughout the worid. As a result, an extensive number 
of research endeavors has been undertaken in an effort to develop therapies appropriate to 
the treatment and alleviation of cancer in humans. Research has been conducted to 
develop anti-cancer agents effective against various types of cancer. Oftentimes, anti- 
cancer agents which have been developed and found effective against cancer cells are, 
unfortunately, also toxic to normal cells. This tosdcity manifests itself in weight loss, nausea, 
vomiting, hair toss, fatigue. Itching, hallucinations, loss of appetite, and other undesirable 
effects. 

Additionally, conventionally used cancer treatment agent often do not have the effectiveness 
desired or are not as broadly effective against different types of cancers as desired. As a 
result, a great need exists for therapeutic agents whidi are not only more effective against 
multiple types of cancer, but which have a higher degree of selectivity for killing cancer cells 
with no or minimal effect on normal healthy cells. In addition, highly effective and selective 
anti-cancer agents, in particular, against cancers of the colon, bladder, prostate, stomach, 
pancreas, breast, lung, liver, brain, testis, ovary, cervix, skin, vulva, small intestine, lymph 
glands, and blood cells are desired. Moreover, anti-cancer activity against colon, breast, 
lung, pancreas, and prostate cancers as well as melanomas are particulariy desired because 
of tiie lack of any particular effective tiierapy at ttie present time. 

SUMMARY 

The present invention provides new anti-cancer agents which are effective against a variety 
of cancer ceils in particular, against all liquid and solid cancers tiiat may arise in a subject, 
including cancers of the colon, bladder, prostate, stomach, pancreas, breast, lung, liver. 
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brain, testis, ovary, cervix, slcin, vuiva. small intestine, lymph glands, and blood celts. More 
particularly, the present invention relates to certain substituted lactams which exhibit a high 
degree of selectivity in killing cancer cells. 

DETAILED DESCRIPTION 

The Invention relates to pharmaceutical compounds that are useful for the treatment of 
cancer of the formula 1: 



R7 




(i) 



wherein 

n is 0, 1 or 2; 

R1 is H, Xi-(Ci^) all<yl-. (Ci.i2)allcylC(0)-, X2-(C2^) alkenylene-, X2-(C2^) alkynylene-, Xr(C3. 
9)cycloalkyi-, X2-(C3.9)cycloalkene-, Xi-aryi-, Xi-(C3.7)cycloalkane-(Ci<)aikylene-, XriCz. 
7)cycioalkene-(Ci.6)alkylene-. or Xi-aryl-(Ci.6)alkylene-; 

Xi is H, (Ci.i4)alkyi. (C3.7)cycloalkyl, (Ci.i4)alkyl substituted by (C3.7)cycioalkyl, -ORa. -SRa. 
-NO2. halo or (Ci^)aikylC(O)-; aryl, aryl-(Ci.i2)aIkyl-, -ORa, -SRa, -NO2. halo. (Ci.i2)alkyl- 
C(0)-, mono- or di-(Ci.4)alkyiamino. amino(Ci.ie)alkyl-. or mono- or di-(Ct-»)alkylamino(Ci. 
i6)alkyl: 

X2 is H, (Ci.i4)alkyl, (C3.7)cycioatkyl, (Ci.i4)alkyl substituted by (C3-7)cycloalkyl, -ORa -SRa, 
-NO2, halo or (Ci^)alkyi-C(O)-; aryl, aryl-(Ci.i2)alkyl-, amino(Ci.i6)alkyl- or mono- or di-(Ci. 
4)alkylamino(Ci.i6)alkyi; 
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R. Is H. (Ci.i8)alkyt. aryl. or (Ci.i8)alkyl substituted by (C3.7)cycloalkyt, aryl. -OH, -0-(Ci4)alkyl 
or halo; 

R2. R3> and Rb are Independently hydrogen or (Ci.i8)alkyl, Rg Is also phenyl or (Ct.ie)alkyl 
which is substituted by phenyl, wherein there Is no more than a total of 18 carbon atoms in 
the combined R2. Ra. R4 and Rs alkyi substituents. or R2 and R4 together or R3 and Rs 
together form an acetai group; 

R6 is hydrogen or (Ci^) aikyi; 

R7 Is H, (Ci.i8)aikyl, phenyl, pyridyl, (Ci.ie)a!kyl substituted by (C3.7)cycloalkyl. -ORx, N3. 
halo, -N(Rx)2. Rx. -0-(Ci^)alkyl, -OC(OHCi.i6)aikyl or pyridyl; -Y-Rb or a substltuent of 
formula lla or Ilia 



wherein 

R9 is from 0 to 3 substituents selected from (Ci^)aikyl, -OIRa. -SRa. -NO2, halo, -N3. (Ci. 
i2)aikylC(0)-, mono- or dl-(CM)alkylamino, amino(Ci.i6)alkyl-, mono- or di-(Ci. 
4)alkyiamino(Ci.i6)alkyi, (CH2)o.2-C6.7cycioalkyl, (CH2)o.2-heterocycilc, (CH2)o.2-C6.7aryl, or 
(CiH2)o-2-heteroaryi; 

Y is a linking group selected from -(Ci.io)alkyl-, -(Co.io)alkyiene-CO-N(Rx)-(Co.io)aikylene-, 
-(Co.io)aikylene-N(Rx)-CO-(Co.io)aikyiene-, -(Co.io)alkylene-CO-0-(Co.io)a!kylene-, -(Ci. 
io)aikylene-0-C(OHCi.io)aikylene-, -(Co.io)alkylene-CO-(Co.io)alkylene-, -(Co.io)alkylene- 
(Rx)N-CO-0-(Co.io)alkyiene-, -(Co.io)alkyiene-0-CO-(Rx)N-(Co.io)alkylene- or -(Co.ie)alkylene- 
arylene-(Co.i8)alkylene-; 




lla 



Ula 



Rx Is H, (CM)aikyl or phenyl; 
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Rb is (Ci.ie)alkyl or (Ci.ie)alkyl which Is substituted by (C3.7)cycloalkyl, -ORx. N3, halo. 
-N(Rx)2. -0-(Ci<)alkyl. -OC(OHCi.te)alkyl or pyridyl; 

R8 18 H. halo, -N3, (Ci.i6)a«cyl, -Z-(Ci.i6)alkyl. (Ci.i6)alkyl substituted by (C3.7)cycloalkyl. -N3, 
-N(Rx)2. -Z-het, -OR, or -SR., -Z-(Ci.ie)alkyl substituted by (C3.7)cycloaikyl. -Na, -N(Rx)2. -Z- 
het, -OR. or -SR.. -0(Ci.i6)alkylene-N3, -0(Ci.,6)aikylene-N(Rx)2. -(OM)alkylene-OC(OHCi. 
ie)alkyl, -(C(w,)alkylene-(0)C-0-(Ci.ie)alkyl, -(C<w)alkylene-OC(0)-(C3.7)cycloalkyl, -(Co. 
e)alkylene-(0)C-0-(C3.7)cycloalkyl, pyridyl, -0C(0)0(Ci.i2)alkyi. -O-CO-X-Rz, or-O-CO- 
(CH2)m-0-(CH2)m-X-Rz whoreln X Is a direct bond. (Ci.i2)alkylene, (Ci.i2)alkenylene or (Ci. 
i2)alkynylene and Rz is H. (C3.9)cycloalkyl. phenyl, phenyl substituted by one or more of 
chloro, methoxy, (Ci.i8)alkyl or (Ci.i8)alkoxy, pynrolyl, furanyl. thiofuranyl, Indoiyi, 
benzofuranyl, benzothlofuranyl or pyridyl and each m is independently a number from 0 to 
13, -Z-het. -ORa, -SRa, mono- or dKCM)alkylamlno, amlno(Ci.i6)alkyl-, mono- or dl-(Ci. 
4)alkylamlno(Ci.ie)alkyl. -Z-Sl((Ci^)alkyl)3 or a substltuent selected from the following two 
fomiulae: 



Z Is a direct bond. -(Ci.i2)alkyiene-. -(Ci.i2)alkylene-0-, -0-(Ci.i2)alkylene-. -(Ci.i2)alkyiene- 
N(Rx)-. -N(Rx)-. -N(RxHCi.i2)alkylene-, -N(Rx)-C(0)-, -N(Rx)-C(0)-(Ci.i2)alkylene-. -(d. 
i2)alkylene-N{Rx)-C(0)-.-(Cm,)alkylene-N(Rx)-C(0)-(Ci.8)alkyiene-, -(Ci.i2)alkylene-CO- 
N(RxK -CO-N(Rx)-(Ci.i2)alkylene-. -(Ci.8)alkylene-CO-N(Rx)-(Ci^)alkylene-. -CO-N(Rx)-. 
-(Ci.i2)alkylene-CO-0-, -(Ci.i2)alkylene-0-C(0)-, -OC(OHCi.i2)aikylene-, -C(0)-0-(Ci. 
i2)alkylene-, -(Ci.i2)alkylene-CO-, -(Ci.8)alkylene-C0-(Ci4»)alkylene-. -CO-(Ci.i2)aIkylene-, 
-C(0)-, -N(Rx)-C(0)-0-, -N(Rx)-C(0)-0-(Ci.i2)alkylene-, -(Ci.i2)alkyl6ne-N(Rx)-C(0)-0-, -(Ci. 
8)alkylene-N(Rx)-C(0)-0-(Ci.8)alkylene-,-(Ci.i2)alkylene-0-CO-N(Rx)-,-0-CO-N(Rx)-(Ci. 
i2)alkylene-, -(Ci4})alkylene-0-CO-N(Rx)-(Ci.8)a!kylene-, -O-CO-N(Rx)-, -0-C0-0-. -(Ci. 
i2)alkylene-0-C0-0-, -0-C0-0-CCM2)alkylene- or -(C«)alkylene-0-C(0)-0-(Ci4i)alkyiene-: 

Zi is a direct bond. -(Ci.i2)alkylene-, -0-(Ci.i2)alkylene-, -N(Rx)-(Ci.i2)alkylene-, -N(Rx)-C(0)- 
(Ci.i2)alkylene-, -(Ci.8)alkylene-N(Rx)-C(0)-(Ci.8)alkylene-. -CO-N(RxHCi.i2)alkylene-, -(Ci. 
8)alkylene-CO-N(RxHCi.8)alkylene-, -0C(0)-(Ci.i2)alkylene-. -C(0)-0-(C,.i2)alkylene-. -(Ci. 





and 



Rx 
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e)alkylene-CO-(Ci^))alkylene-. -C0-(Ci.i2)alkylene-. -C(0)-, -N(Rx)-C(0)-0-{Ci.i2)alkylene-. 
-(Ci^)alkyIene-N(Rx^C(0)-0-(Ci^)alkylene-,-0-C0-N(RxHCi.i2)alkylene^ -(Ci^)alkylene- 
0-CO-N(RxHCi^)alkylene-, •0-C0-0-(Ci.i2)alkylene- or -(Ci^)alkylene-0-C(0)«O-(Ci. 
8)alkylene-; 

R10 is from 0 to 3 substituents selected from hydroxy, halo. -(Ci.i7)alkyl, -0-(Ci.i7)alkyl, 
-(CH2)i^C3-7-cycIoalkyl. -(CH2)o.io-aryl or -(CH2)o-io -het; 

het is a heterocyclic or heteroaromatic ring; 

p is 1-18; 

or a pharmaoeutlcally acceptable salt thereof; 

with the proviso that when n Is 2 and Ri is (Ci^)alkyl-CH=CH- or (CM)cyc!oaikyt-CI-i=CH- 
then Rt Is not H or {CM)alkyl or Re Is not -O-CO-X-Rz or -0-CO-(CH2)m-0-(CH2)m-X-Rz 
where X Is a direct bond, (Ci.i2)alkylene, (Ci.i2)alkenylene or (Ci.i2)alkynylene and Rz is H, 
(C3^)cycioaikyl, phenyl, phenyl substituted by one or more of chloro, methoxy, (Ci.ia)alkyl or 
(Ci.i8)alkoxy, pyrrolyl, furanyl, thlofuranyt, indolyl, benzofiiranyl, benzothiofuranyl or pyridyl 
and each m Is independently a number from 0 to 13, and with the further proviso that Ra is 
not -OH when n is 2, Rr is H or methyl and Ri is 3-methylbut-1-enylene. 

The present invention further also relates to compounds that are useful for the treatment of 
cancer of the formula I, wherein 

n is 0, 1 or 2; 

R1 is Xr(Ci^) alkyi-, Xa-CCa^*) alkenylene-, Xa-CCa^) alkynylene-, Xr(C3.9)cycloalkyU, X2-(C3- 
9)cycIoalkene-, Xi-aryl-, Xi-(C3-7)cycloaikane-(Ci^)alkylene-, X2-(C3-7)cycloalkene-(Ci. 
6)alkylene-, or Xi-aryl-(Ci^)alkylene-; 

Xi is H, (Ci.i4)alkyl, (C3-7)cycloalkyI, (Ci.i4)alkyl substituted by (C3-7)cycloalkyl, -ORa, -SRa, 
-NO2, halo or (Ci^)alkylC(O)-; aryl. aryl-(Ci.i2)alky!-, -ORa, -SRa, -NO2, halo, (Ci.i2)alkyl- 
C(0)-, mono- or dl-(Ci^)alkyiamino, amino(Ci-i6)alkyl-, or mono- or di-(Ci^)alkylamlno(Gi- 
i6)alkyl; 
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X2 is H. (CM4)alkyl, (C3.7)cycloalkyi. (Ci.i4)alkyl substituted by (C3.7)cycloalkyl. -OR. -SR.. 
-NO2. halo or (Ci4)alkyl-C(0)-; aryl, aryl-(Ci.i2)alkyl-. amino(Ci.ie)alkyl- or mono- or dKCi. 
4)alkytamlno(Ci.ie)alkyl; 

Ra is H, (CM8)alkyl, aryl, or (Ci.i8)alkyl substituted by (C3.7)cycloalkyl, aryl, -OH, -0-(Ci4)alkyl 
or halo; 

Rzi Rs. R4 and R5 are independently hydrogen or (Ci.ie)alkyt, R5 is also phenyl or (Ci.i6)alkyl 
which is substituted by phenyl, wherein there is no more than a total of 18 carbon atoms in 
the combined R2. Ra, R4 and Rs alkyi substituents, or R2 and R4 together or R3 and Rs 
together fonm an acetal group; 

R6 is hydrogen or (Ci^) alkyi; 

R7 is H, (Ci.i8)aikyl, phenyl, pyridyl, (Ci.ie)aikyl substituted by (C3.7)cycloaikyi, -ORx, N3, 
halo. -N(Rx)2. -0-(Ci^)alkyl, -OC(pHCi.ie)aikyl or pyridyl; -Y-Rb or a substituent of formula 
Ila or Ilia 



wherein 

R9 is from 0 to 3 substituents selected from (Ci^)aikyl, -ORg, -SRa, -NO2. halo, -N3, (Ci. 
i2)aikylC(0)-, mono- or di-(CM)alkylamino, amino(Ci.ie)aikyl-. or mono- or di-(Ci. 
4)alkyiamino(Ci.i6)aikyi; 

Y is a linking group selected from -(Ci.io)alkyl-, -(Co.io)aIkylene-CO-N(Rx)-(Co.io)alkylene-, 
-(Co.io)a!kyiene-N(Rx)-CO-(Co.io)alkyiene-, -(Co.io)aikyiene-CO-0-(Co.io)aikylene-, -(Ci. 
io)alkylene-0-C(OHCi.io)alkyiene-, -(Co.io)alky!ene-CO-(Co.io)aikylene-, -(Co.io)alkyiene- 
(Rx)N-CO-0-(Co.io)aikylene-, -(Co.io)aikylene-0-CO-(Rx)N-(Co.io)aIkylene- or -(C(».i8)alkyiene- 
arylene-(Co.i8)alkyiene-; 




Ila 



Ilia 
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Rx l8 H, (CM)alkyt or phenyl: 

Rb is (CM6)alkyi or (Ci.ie)alkyl which is substituted by (C3.7)cyck)alkyl. -OR*. N3, halo, 
-N(Rx)2, -0-(Ci4)alkyl. •OC(OHCi.ie)alkyl or pyridyt; 

R8 is H. halo. -Na. (Ci.ie)alkyl. -Z-(Ci.ie)alkyl. (Ci.ie)alkyl substituted by (C3.7)cycloalkyl, -Na, 
-N(Rx)2, -2-het, -ORa or -SRa, -Z-(Ci.ie)alkyl substituted by (C3.7)cycIoalkyl, -N3, -N(Rx)2, -Z- 
het, -OR, or -SR,, -0(Ci.ie)alkylene-N3, -0(Ci.i6)alkylene-N(Rx)2, -(CM)alkylene-OC(0)-(Ci. 
i6)alkyl, -(CM)alkylene-(0)C-0-(Ci.ie)alkyl, -(C(«)alkylene-OC(0)-(C3.7)cycloalkyl, -(C©. 
6)alkylene-(0)C-0-(C3.7)cycloalkyl, pyridyl, -0C(0)0(Ci.i2)alkyl, -Z-het, -OR,, -SR., mono- 
or di-(Ci^)alkylamIno, amino(Ci.iB)alkyl-, mono- or dl-(Ciwt)aikylamino(Ci.i6)aikyl, -Z-Si((Ci. 
e)alkyi)3 or a substituent selected from the following two formulae: 



Z is a direct bond, -(Ci.i2)alkyiene-, -(Ci.i2)aikylene-0-, -0-(Ci.i2)alkylene-, -(Ci.i2)alkyiene- 
N(Rx)-, -N(Rx)-, -N(Rx)-(Ct.i2)alkylene-. -N(Rx)-C(0)., -N(Rx)-C(OHCi.i2)alkylene., -(C,. 
i2)aikyiene-N(Rx)-C(0)-, -(Ci^)aikyiene-N(Rx)-C(0HCi4)alkylene-, -(CM2)aikyiene-CO- 
N(Rx)-, -CO-N(RxHCi.i2)alkyiene-, -(Ci4,)alkylene-CO-N(RxHCi4))alkylene-, -CO-N(Rx)-, 
-(Ci.i2)aikylene-C0-0-, -(Ci.i2)alkylene-0-C(0)-, -OC(OHCi.i2)alkylene-, -C(0)-0-(Ci. 
i2)alkylene-, -(Ci.i2)alkylene-C0-, -(Ci4)alkylene-CO-(Ci4))alkylene-, -CO-(Ci.i2)alk^ene-, 
-C(0)-. -N(Rx)-C(0)-0-. -N(Rx)-C(0)-0-(Ci.i2)alkylene-, -(Ci.i2)alkylene-N(Rx)-C(0)-0-, -(Ci. 
8)alkylene-N(Rx)-C(0>-0-(Ci^)alkylene-, -(Ci.i2)alkyIene-0-C0-N(Rx)-. -0-CO-N(RxHCi. 
i2)alkylene-, -(Ci4)aJkylene-0-C0-N(Rx)-(Ci<)alkylene-, -O-CO-N(Rx)-, -0-C0-0-, -(Ci. 
i2)aikylene-0-CC)-0-, -0-CC>-0-(Ci.i2)alkylene- or -(Ci4)alkylene-0-C(0)-0-(Ci4)alkylene-; 

Zi is a direct bond, -(Ci.i2)alkylene-, -0-(Ci.i2)alkylene-, -N(Rx)-(Ci.-i2)alkylene-, -N(Rx)-C(0)- 
(Ci.i2)alkylene-, -(Ci^)alkylene-N(Rx)-C(0)-(Ci^)aikylene-, -CO-N(RxHCi.i2)alkylene-, -(Ci. 
8)alkylene-CO-N(Rx)-(Ci^)alkylene-, -0C(0>(Ci.i2)aIkylene-. -C(0)-0-(Ci.i2)alkyiene-, -(Ci. 
8)alkylene-CO-(Ci.8))alkylene-, -C0-(Ci.i2)alkylene-, -C(0)-. -N(Rx)-C(0)-0-(Ci.i2)alkylene-, 
-(Ci.8)alkylene-N(Rx)-C(0)-0-(Ci.8)alkyiene-.-0-CO-N(Rx)-(Ci.i2)alkylene-, -(Ci.8)aikylene- 





and 



Rx 
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0-CO-N(RxHCi4)alkylene-, -0-CO-0-(CM2)alkyl6ne- or -(Ci^)alkyl6ne-0-C(0)-0-(Ci. 
8)alkylen6-; 

R10 is from 0 to 3 substituents selected from hydroxy, halo, -(CM7)alkyl, -0-(CM7)alkyl, 
-(CH2)i^C3.7-cycloalkyl, -(CHaVio-aryl or -(CH2)o.io -het; 

het Is a heterocyclic or heteroaromatic ring; 

p Is 1-18; 

or a pharmaceutlcally acceptable salt thereof; 

with the proviso that when n Is 2 and Ri Is (Ci^)alkyl-CH=CH- or (C3^)cycloalkyl-CH=CH- 
then R7 Is not H or (Ci-8)alkyl or Re Is not -O-CO-X-Rz or -0-CO-(CH2)m-0-(CH2)m-X-Rz 
where X is a direct bond, (Ci.i2)alkylene, (Ci.i2)alkenylene or (Ci.i2)alkynylene and Rz Is H, 
(C3-8)cycloalkyl, phenyl, phenyl substituted by one or nr^ore of chloro, methoxy, (Ci.i8)alkyl or 
(Ci.i8)alko)cy, pyrrolyl, furanyl, thiofuranyl, indoiyi, benzofuranyl, benzothlofuranyl or pyridyl 
and each m is independently a number from 0 to 13, and with the further proviso that Rs is 
not -OH when n is 2, R7 is H or methyl and Ri is 3-methylbut-1-enylene. 

Interesting compounds of formula I are those wherein: 
n is 2; and/or 

RI is Xr(Ci^) alkyi-, X2*(C2^) alkenylene-, Xr(C3.7)cycioalkyl-, or Xi-(C3.7)cycloalkane-(Ci. 
3)aikylene-; and/or 

Xi is IH, (CM2)alkyl, especially branched (Ci^)alky!; (C3.7)cycloalkyl, -(Ci.i2)alkyl substituted 
by (C3.7)cycloaIkyl, -ORa; -SRa, -NO2, halo or (Ci.i2)alkylC(0)-; aryl, aryl-(CM2)alkyl- or -ORa; 
and/or 

X2 is H, (Ci.i2)alkyl, (C3-7)cycloalkyl, -(Ci.i2)alkyl substituted by (C3-7)cycloalkyl. -ORa, -SRa, 

-NO2, halo or (Ci.i2)alkylC(0)-, aryl, aryl-(Ci.i2)alkyl-; and/or 

Ra is H, (CM8)alkyl, aryl-, or (Gi.i8)alkyl substituted by (C3.7)cycloalkyl or aryl; 

R21 R3, R4 and R5 are independently hydrogen or (Ci^)alkyl, wherein there is no more than a 

total of 8 carbon atoms, especially no more than 4 carbon atoms, in the combined R2, R3, 1^ 

and Rs alkyI substituents; and/or 

R6 is hydrogen or (Ci^) alkyI; and/or 
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R7 Is H, (Ci^)alkyl. Rx. (Ci.,e)alkyl substituted by (C3.7)cycloalkyl, -ORx, Na, halo, -N(Rx)2, -O- 
(Ci4)alkyl. -OC(0)-(Ci.ie)alkyl or pyrldyl: especially 3-pyridyl, or a substltuent of formula Ila 
or ilia 




Ila Ilia 

and/or 

R9 Is from 0 to 3 substltuents selected from (Ci^)alkyl, -ORa. -SR,, -NO2. halo, or -N3; and/or 
Y Is a linking group selected from -C(0)N(Rx)-, -C0-0-, -(Ci.i2)alkylene-C0-0-, -CO-0-(Ci. 
i2)alkylene-, -(Ci.io)alkylene-CO-0-(Ci.io)alkylene-, -(Ci.io)alkylene-0-C(0)-(Ci.io)alkyIene-, 
-CO-, -(Ci.i2)alkylene-C0-, -CO-(Ci.i2)alkylene-, -(Ci.io)alkylene-CO-(Ci.io)alkylene-, -(Ci. 
i2)alkylene-(Rx)N-C0-, -(Ci.io)alkylene-(Rx)N-CO-0-(Ci.io)alkylene-, or -(Co.i2)alkylene- 
arylene-(Co.i2)alkylene-; and/or 
Rx is H, (CM)alkyl or phenyl; . 

R8 is -N3, (Ci.ie)aikyl, -Z-(Ci.ie)alkyl, (Ci.ie)alkyl substituted by (C3.7)cycloalkyl, -N3, or 
-N(Rx)2: -Z-(Ci.ie)alkyi substituted in the alkyi portion by (C3.7)cycloalky!, -N3, or -N(Rx)2, -(Co- 
e)alkylene-(0)C-0-(Ci.i6)alkyl. or a substltuent selected from the following two formulae: 




and/or 

Z is a direct bond, -(Ci.i2)alkylene-, -N(Rx)-C(0)-, -N(Rx)-C(0)-(Ci.i2)alkylene-, -(Ci. 
i2)alkylene-N(Rx)-C(0)-, -(Ci^)alkylene-N(Rx)-C(0)-(Ci^)alkylene-, -(Ci.i2)alkyiene-CO- 
N(Rx)-, -CO-N(Rx)-(Ci.i2)alkyiene-. -(Ci^)alkylene-CO-N(Rx)-(Ci^)aIkylene-, -CO-N(Rx)-, 
-C(0)-0-(Ci.i2)alkylene-. -CO-(Ci.i2)alkylene-. -C(0)-. -N(Rx)-C(0)-0-, -N(Rx)-C(0)-0-(C,. 
i2)alkylene-, -(Ci.i2)alkylene-N(Rx)-C(0)-0-, -(Ci^)aikylene-N(Rx)-C(0)-0-(Ci^)a!kyiene-, 
-(Ci.i2)alkyiene-0-C0-N(Rx)-, -0-C0-N(Rx)-(Ci.i2)alkylene-. -(Ci^)aikylene-0-CO-N(Rx)-(Ci. 
8)alkylene- or -O-CO-N(Rx)-; and/or 



Zi is a direct bond, -(Ci.i2)alkylene- or -C(0)-; and/or 
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R10 is from zero to 3 substituents selected from hydroxy, halo, -(Ci.i7)atkyl, -0-(Ci.i7)alkyi, 
-(CH2)i^C3.7-cycloalkyl, -(CH2)o.icraryl or -(CH2)o.io -het; and/or 
het Is pyridyl. 

Further interesting compounds of formula (I) include those wherein 

R1 is (Ci^ alkyl)-ethenylene-; especially those wherein the alkyi group is branched and the 

double bond is trans; and/or 

Ra, Rs and R4, independently are hydrogen or (Ci^) alkyI, wherein there Is no more than a 
total of 4 carbon atoms in the combined R2, Ra, R4 and R5 alkyI substituents; and/or 
Rs Is (Ci4)alkyl, especially methyl, and/or 
R6 is hydrogen or methyl; and/or 
R7 is H or (Ci^)alkyl; and/or 

R8 is H, -N3. (Ci.ie)alkyl, -2-(Ci.i0)alkyl, (Ci.ie)alkyl substituted by (C3.7)cycloalkyl, -N3, or 
-N(Rx)2 or -Z-(Ci.i$)alkyl substituted in the alkyI portion by (Ca.7)cycloalkyl, -N3, or -N(Rx)2i 
R9 is (CH2)o-2-C6.7 cycloalkyi, {CHzh^z^^s^j hetero-cycllc, (CH2)o.2-C6.7 aryl, or (CH2)(«-C6.7 
hetero-aryl; 

X is (C1.12) alkylene or (C2.12) aikenylene; and/or 

R10 is from 0 to 3 substituents selected from hydroxy, halo, -(Ci^)alkyl, -0-(Ci^)alkyl, 
-(CH2)i^-C3-7-cycloalkyl, -(CH2)o.i(raryl or-(CH2)o-io -het; and/or 
het is pyridyl; 

especially those wherein n Is 2. 

Additional interesting compounds are those of formula i where 

R1 is -CH=CH-/-propyl or -CH=CH-f-butyl, especially In the trans geometry; 

X2 is H; 

R2. R3. R4, and Rs independently are hydrogen or methyl; 

R6 is hydrogen; 

R7 is H or (Ci^) alkyi; 

especially wherein n is 2. 

Additional interesting compounds are those of formula I wherein: 
Ri Is Xi-(C3-7)-cycloalkane-(Ci^)alkylene- or X2-(C3.9)cyctoalkene-; 
Xi is hydrogen; 
X2 is hydrogen; 
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R2> R3> ^ dnd R5 Independently are hydrogen or methyl; 

Re is hydrogen; 

R7 is H or (Ci^)alicyl; 

Re is H; and 

nis 2. 

In another embodiment, the invention provides pharmaceutical compositions, especially for 
the treatment of cancer In subjects, especially human, comprising a pharmaceutically 
acceptable carrier or diluent and an antitumoralty effective dose of a compound of formula I 
above, or a phanmaceuticaliy acceptable salt thereof, where possible. 

In still another embodiment, the current invention provides a method for treating cancer 
comprising administering to a subject, especially human, in need of such treatment a 
therapeutically effective amount of a compound of formula I above, or a pharmaceutically 
acceptable salt thereof/where possible. The effective dosage of the compounds of the 
invention for such treatment may encompass a range of from about 0.01 milligrams per 
kilogram body weight per day to about 0.02 grams per kilogram of body weight per day. 

In another embodiment, the current invention relates to the use of a compound of formula I 
or of a phanmaceuticaliy acceptable salt of such a compound for the preparation of a 
phannaceutical composition for use In the chemotherapy of cancer. 

Furthermore, the current invention relates to the use of a compound of formula I or of a 
phamiaceutically acceptable salt of such a compound for the chemotherapy of cancer. 

In the above definitions: 

The aikyi groups, Including any alkyi portion of a substituent, such as alkoxy, are either 
straight or branched chain, of which examples of the latter include isopropyl, isobutyl, f-butyl, 
Isopentyl, neopentyl, Isohexyl, 3-methylpentyl. 2,2-dimethyIbutyl, 2,3-dimethylbutyl and 
1,1,2,2-tetramethylethyi unless otherwise noted. 

The term "alkylene" as used herein refers to a straight or branched chain consisting solely of 
carbon and hydrogen. Examples of "alkylene" groups Include methylene, ethylene, 
propylene, butylene, pentylene, and 3-methypentylene. 
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The term ''alkenylene" as used herein refers to a straight or branched chain consisting solely 
of carbon and hydrogen, containing at least one carbon-carbon double bond. Examples of 
"alkenylene" groups Include ethenylene, propenylene, butenylene, 3,3,-dimethylbut-1- 
enylene, 3-methylbut-1-enylene, pentenylene, 3-methylpentenylene, and butadiene. 

The term "alkynylene" as used herein refers to a straight or branched chain divalent group 
consisting solely of carbon and hydrogen containing at least one carbon-carbon triple bond. 
Examples of "alkynylene" groups include acetylene(, propynyiene. butynylene, pentynyiene, 
3-methylpentynylene. 

If R2 and R4 together or R3 and Rs together fornn an acetal group, R2 and R4 together or R3 
and Rs together preferably fomi a group of the formula -C(R*)(R")-, wherein R' and R" are 
selected Independently of each other from Xr(Ci^) alkyi-, X2-(C2^) alkenyl-, Xi-(C3. 
7)cycioaikyl-, or Xi-(C3.7)(^cloalkane-(Ci.3)alkyl- wherein Xi Is as defined herein. 

The temn "direct bond" as herein described refers to a single, double, or triple, covalent 
atomic bond which links together two moieties. 

l-lalo is chloro, bromo, iodo or fluoro, especially chloro, bromo or iodo. 

The substituent het is preferably a 3 to 9 membered aliphatic ring, such as a 4 to 7 
membered aliphatic ring, containing from one to three heteroatoms selected from nitrogen, 
sulfur and oxygen, or het Is a 5 to 7 member aromatic ring containing one or more 
heteroatoms, for example from 1 to 4 heteroatoms, selected from N, O and S, or het is a 
bicyclic and tricyclic fused ring system where each ring can independently be 5 or 6 
membered and contain one or more heteroatoms. for example, 1, 2, 3, or 4 heteroatoms, 
chosen from O, N or S such that the fused ring system is aromatic. Examples of suitable het 
substltuents include pyrrolldyl, tetrahydrofuryl, tetrahydrothlofuranyl, piperidyl, piperazyl, 
tetrahydropyranyi, morphillno, 1 ,3-diazapane, 1 ,4-dlazapane, 1 ,4-oxazepane, 1,4- 
oxathiapane, furyl, thienyl, pyrrole, pyrazole. triazole, thlazoie, oxazole, pyridine, pyrimldine, 
isoxazolyl, pyrazine, quinoline, Isoqulnoline, pyridopyraane, pyrrolopyridine, furopyridine. 
indole, benzofuran, benzothiofuran, benzindole, benzoxazoie, and pyrroloquinoline. Het Is 
preferably pyridyl. 
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In the instance where het is a nitrogen containing ring, N-substituted conripounds are 
included. Suitable N^substituents include (Ci.i4)ali<yl, such as N-methyl or N-ethyl, •C(0)Ci. 
laatkyl, such as methylamldo or ethylamido, -C(0)-0-(Ci.i4)alkyl, such as carbomethoxy or 
carboethoxy, or phenyl. 

het also Includes the above rings with substitution on one or more carbons. Suitable 
substituents include (Ci.i4)alkyl, such as methyl or ethyl, -ORa, such as methoxy and ethoxy, 
-SRa, halo. *N(Rx)2 and the like. 

Aryl includes phenyl and naphthyl substituents. 

A "heteroaryl" group is mono-, bl- or tri-cyclic, and comprises 3-24, preferably 4-16 ring 
atoms, and is most preferably mono-cyclic comprising 5-7 ring atoms, wherein at least one 
or more, preferably one to four ring carbons are replaced by a heteroatom selected from O, 
N or S such as azirinyl, imidazolyl, thienyl, furyl. Indolyl, pyranyl, thiopyranyl, thianthrenyl, 
isobenzofuranyl, benzofuranyl, 2H-pyrrolyl, pyn-olyl, benzlmidazolyl, pyrazolyl, pyrazinyl, 
thiazolyl, isothlazolyl, dithlazolyl, oxazolyl, isoxazolyl, pyridyl, pyrazinyl, pyrimidinyl, 
pyridazlnyl, Indolizlnyl, Isoindolyl, 3H-indolyl, benzlmidazolyl, benzothlazolyl and benzo[1,2,5] 
thiadiazolyl, thiacumaryl, indazolyl, triazolyl, tetrazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, 
quinolyl, benzofuranyl, dibenzofuranyl, benzothlophenyi, dibenzothlophenyi, phthalazlnyl, 
naphthyridinyl, quinoxalyl, qulnazolinyl, clnnolinyl, pterldinyl, carbazolyl, carbolinyl, 
phenanthridinyl, acridinyl, perimidlnyl, phenanthrollnyl, furazanyl, phenazinyl, phenothiazlnyl, 
phenoxazinyi, chromenyl, isochromanyl and chromanyl, each of these radicals being 
unsubstituted or substituted by one to two substituents. 

"Heterocyclic" refers to a heterocyclic radical containing 1-4 heteroatoms selected from 
nitrogen, oxygen and sulfur (e.g. plperazinyl. lower alkyl-piperazinyl, azetidinyl, pyrrolidinyl, 
piperidino, morpholinyl, imidazolinyl). The heterocyclic radical is preferably unsaturated, 
saturated or partially saturated In the bonding ring; has 3-24, more preferably 4-16 ring 
atoms, wherein at least in the bonding ring one or more, preferably 1-4, especially one or 
two carbon ring atoms are replaced by a heteroatom selected from the group consisting of 
nitrogen, oxygen and sulfur, the bonding ring preferably having 4-12, especially 4-7 ring 
atoms; the heterocyclic radical is unsubstituted or substituted by one or more, especially 1-4 



wo 2005/014574 



-14- 



PCT/EP2004/008284 



subsfituents and Is especially selected from the group consisting of Indoly, tetrahydrofuranyl, 
benzofuranyl, thienyl, pyridyl, imidazollnylt morpholinyli thlomorpholinyl, piperazlnyl, 
piperldino, piperidyl. pyrrolidinyl, oxiranyl, 1,2-oxathloianyl, pynrolinyK imldazolidinyl, 
pyrazolidinyl and azetldlnyt, with piperazlnyl being especially prefenred. 

In view of the close relationship between the novel compounds In free form and In the form 
of their salts, including those salts that can be used as intermediates, for example in the 
purification or identification of the novel compounds, hereinbefore and hereinafter any 
reference to the free compounds is to be understood as referring also to the corresponding 
salts, as appropriate and expedient. 

Salts are especially the pharmaceutically acceptable salts of compounds of formula I. 

Salts of the compounds of formula i may be phamnaceuticaliy acceptable acid or base 
addition salts with organic or inorganic acids or bases. Although the preferred acid addition 
salts are those of hydrochloric and methanesuifonlc acid, for example, salts of sulfuric, 
phosphoric, citric, fumaric, maleic, benzoic, benzenesulfonic, succinic, tartaric, lactic and 
acetic acid may also be utilized. 

Preferably, R2, R3, R4 and R5 are In the relative stereochemical conformation to each other 
depicted in stereochemical formulae la and lb: 
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The lactams of formula I may be prepared as depicted below: 




where each of R1 , R5, R7 and R8 is as defined above. 

As to the individual steps, Step A involves the acyiation of an aminoiactam of formula VI with 
a lactone compound of formula Vll to obtain a diamide compound of formula Vlli. The 
acyiation is conducted in a polar, organic solvent, preferably a protlc polar solvent such as 
isopropanoi, at a temperature slightly below or at the reflux temperature of the solvent 
employed for a period of between 4 and 48 hours. 
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Alternatively, the acylation of an aminolactam of formula VI, or an acid addition salt ttiereof, 
with the lactone compound of fomnula Vli in Step A may be canried out with in the presence 
of: 1 ) a weaic baao, preferably a carboxylate salt such as sodium 2-ettiylhexanoate. and 2) a 
polar, organic solvent, preferably an ether such as tetrahydrofuran, at a temperature of 
between O'C and 50°C. preferably at 25"C, for a period of between 1 hour and 7 days, 
preferably for 20 hours. 

Step B concerns the hydrolysis of the 1 .3-dioxane group common to a diamide compound of 
formula Vill, to obtain a substituted lactam compound of fomnuia I. The hydrolysis is typically 
carried out by dissolving the diamide In a mixture of solvents consisting of 1} a protic acid, 
preferably an organic acid such as trifluoroacetic add, 2) a protic solvent, preferably water, 
and 3) an inert organic solvent, preferably a cyd&c either such as tetrahydrofuran, at a 
temperature of between 0 *C and 25 °C for a period of between 5 minutes and 2 hours. 

Alternatively, the diamide compounds of fonnuia Villa may be prepared according to the 
following 3-8tep reaction scheme: 



wo 2005/0 14S74 



PCT/EP2004/008284 



-17- 



iX 

Stepj 



VII 



acylation 



Step 3 




XI 




Villa 



where Ri, Rs. and Rr are as defined above, R12 is an appropriate substituent based on ttie 
definition of R8 above, and Pz is an alcohol protective group. Preferably, P2 is a silyl group 
such as te/f-butyldimethyisilyl. 
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As to the individual steps, Step 1 involves the acylation of an aminolactam of fomnula IX with 
a lactone compound of fomnula VII to obtain a diamide compound of fonnula X. The 
acylation Is conducted in the presence of a base, preferably an alkylamlne base such as 
diisopropylethylamlne, and a polar, organic solvent, preferably a protic polar solvent such as 
Isopropanol, at a temperature slightly below or at the reflux temperature of the solvent 
employed for a period of between 4 and 48 hours. 

Step 2 concerns the hydrolysis of the group P2 common to a diamide compound of fomiula X 
to obtain a hydroxylactam compound of fomnula XI. The hydrolysis is typically carried out In 
the presence of fluoride, preferably a fluoride salt such as tetrabutyl-ammonium fluoride, and 
an Inert organic solvent, preferably a cyclic ether such as tetrahydrofuran. at a temperature 
of between 0 and 25 <*C for a period of between 5 minutes and 2 hours. 

Step 3 concenns the acylation of a hydroxylactam compound of formula XI by reacting It with 
an add chloride of fonmula R12COCI where R12, Is defined above, to obtain a diamide 
compound of fomiula Villa. The acylation is conducted In the presence of a base, preferably 
an alkylamlne base such as triethylamine, and an inert organic solvent, preferably a 
chtorinated alkane such as dichloromethane, at a temperature of between -78 **C and 25 "C 
for a period of between 1 and 24 hours. 

Alternatively, the acylation of a hydroxylactam compound of formula XI In Step 3 may be 
carried out with a carboxyiic acid of fomnula R12COCI where Ri2> Is defined above, in the 
presence of a carboxyiic acid coupling reagent, preferably a dlimide such as 1-(3- 
dlmethylaminopropyl)-3-ethylcarbodilmlde hydrochloride, and a suitable activating agent 
common to diimide coupling reactions, preferably a substituted pyridine such a 4- 
dimethylamlnopyridine, and an inert organic solvent, preferably a chlorinated alkane such as 
dichloromethane. at a temperature of between -78 °C and 25 "C for a period of between 1 
and 24 hours. 

The aminolactam compounds of formula la may be prepared as depicted below: 
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Where each R1, Rs, Ryand R12 Is as defined above, and Pi is a carbonyl-containing group. 
Preferably, P^ is all<oxycarbonyl such as f-butyloxycarbonyl. P2is an alcohol protective group. 
Preferably, P2 is a silyl group such as fe/t-butyldimethylsilyl. 
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As to the individual steps, Step 1a Involves the cyclization of hydnu^lyslne (or any salt or 
hydrate preparation thereof) XII to obtain hydroxycyclolyslne Xlil. The cyclization is typically 
canied out In the presence of a coupling reagent, preferably a diimide such as 1-(3- 
dimethytaminopropyl)-3-ethylcarbodiimide hydrochloride, and a suitable activating agent 
common to diimide coupling reactions, preferably an A^hydroxy compound such as 1- 
hydroxybenztriazoie hydrate, and a base, preferably an alkyiamine base such as 
triethyiamine, and a polar organic solvent, preferably an amide such as N,N- 
dimethyifonmamide. at a temperature of between 0 *>C and 40 *'C for a period of between 12 
and 72 hours. 

Step lb involves the A/-acylation of hydroxycydolysine XIII to obtain an N- 
acylhydroxycydolysine compound of fomnuia XiV. The acyiating agent Is typically an add 
diloride or an anhydride. When Pi is f-butyioxycarisonyl. the acyiating agent Is di-terf- 
butyldicarbonate. The reaction is canied out in the presence of a base, preferably an 
aiicylamlne base such as triethyiamine, and a polar organic solvent, preferably an amide 
such as A/./V-dimethyifonnamide, at a temperature of between 0 "C and 40 "C for a period of 
between 1 and 24 hours. 

Step 1c involves the O-sllylation of an A^^cyihydroxyc^dolysine compound of fomnula XIV to 
obtain a silyi ether compound of fonmuia XV. The siiyiating agent is typically a silyl chloride 
or trifluoromethanesulfonate. When P2 is feit-butyldimettiyisilyl, the siiyiating agent is tsrt- 
butyldimethyisiiyichloride. The reaction Is carried out in the presence of a base, preferably a 
mild base sudi as imidazole, and a polar organic solvent, preferably an amide such as N,N- 
dimethytfomnamide, at a temperature of between 0 "C and 40 *>C for a period of between 1 
and 24 hours. 

Step 1d involves the A/-ail<yiation of a silyl ether compound of formula XV with an alicyl 
(defined as R7 above) haiide or sulfonate to obtain an AA-alkyI lactam compound of formula 
XVI. The aikylation is conducted in the presence of a strong base, preferably an ailtali metal 
amide such as sodium bis(trimethylsiiyl)amide, and an inert organic solvent, preferably a 
cydic ether such as tetrahydrofuran, at a temperature of between -100 ''C and 25 "C for a 
period of between 5 minutes and 2 hours. 
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Step 1e concerns the hydrolysis of the group Pi on an N-alkyI lactam compound of fomnula 
XVI. The hydrolysis Is typically carried out In the presence of a protlc acid, preferably an 
organic add such as trifluoroacetic add. hydrogen or a ailyl halide. preferably a silyl iodide 
such as trimethylsllyl Iodide, and an inert organic solvent, preferably a chlorinated alicane 
such as dichloromethane, at a temperature of between -100 <*C and 25 *C for a period of 
between 1 minute and 2 hours. 

Step If involves the acylation of an amindactam of fomoula XVII with a lactone compound of 
formula VII to obtain a diamlde compound of fbmnula X. The acylation is conducted in tiie 
presence of a base, preferably an alkylannine base such as diisopropyleUiylamlne. and a 
polar, organic soh^ent, preferably a protlc polar solvent such as Isopropanol, at a 
temperature slightly below or at the reflux temperature of the solvent employed for a period 
of l>etween 4 and 48 hours. 

Step 1g concerns the hydrolysis of the group P2 common to an N-alkyi lactam compound of 
formula X, to obtain a hydroxylactam compound of formula Xi. The hydrolysis Is typically 
canrled out in the presence of fluoride, preferably a fluoride salt such as tetrabutytamnnonium 
fluoride, and an inert organic solvent, preferably a cydic ether such as tetrahydrofuran, at a 
temperature of between 0 <*C and 25 °C for a period of between 5 minutes and 6 houre. 

Step 1h concerns the acylation of a hydroxylactam compound of fonnula XI by reacting it 
witii an add chloride of fonmula RiaCOC) where R12. is defined above, to obtain a diamlde 
compound of fonmula Vlil. The acylation is conducted in the presence of a base, preferably 
an alkylamlne base such as triethyiamine, and an inert organic solvent, preferably a 
chlorinated alkane such as dichloromethane, at a temperature of between -78 "C and 25 **C 
for a period of between 1 and 24 hours. 

Step 1i concerns the hydrolysis of the 1 ,3-dlo;ffiine group of compound formula VIII, to obtain 
a substituted lactam compound of fonnula I. The hydrolysis is typically canied out by 
dissolving the diamlde in a mixture of. splvehts consisting of 1) a protic acid, preferably an 
organic add such as trifluoroacetic acid, 2) a protic solvent, preferably water, and 3) an inert 
organic solvent, preferably a c^ic ether such as tetrahydrofuran, at a temperature of 
between 0 *»C and 25 **C for a period of between 5 minutes and 2 hours. 
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Alternatively, the acylaflon of a hydroxylactam compound of fomnula XI in Step 1h may be 
carried out with a carboxyllc acid of fonnula RiaCOOH where R12, is defined, in the presence 
of a cart}oxyiic add coupling reagent, preferably a dilmlde such as 1-(3- 
dimethylaminopropyl)-3^thylcarbodilmide hydrochloride, and a suitable activating agent 
common to diimide coupling reactions, preferably a substituted pyridine such a 4- 
dlmettiylaminopyrtdine, and an inert organic solvent, preferably a chlorinated alkane such as 
dichloromethane, at a temperature of between -78 **C and 25 "C for a period of between 1 
and 24 hours. 

The aminolactam compounds of fomnula lib may be prepared as depicted below: 




hydrolysis 
SteD2e 




XX Vv VII XDC 

hydrolysteV i 
StS&3& 



R1 v^v^*^ Y^'C'^ 

OH OH O k^OR„ 
lib 

Ri4 is a leaving group. 

where each R1, Rs. Rrand R12 is as defined above, and Pi is a carbonyl-containing group. 
Preferably, Pi is alkoxycaribonyi such as f-butyloxycarisonyi. Pais an alcohol protective group. 
Preferably, P2 is a silyi group such as teff-butytdimethylsilyl. 
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Step 2a concerns the hydrolysis of the group Pj common to an N-aikyI lactam compound of 
formula XVI, to obtain a hydroxylactam compound of fomiula XVII. The hydrolysis is 
typically carried out In the presence of fluoride, preferably a fluoride salt such as 
tetrabutylammonium fluoride, and an inert organic solvent, preferably a cyclic ettier such as 
tetrahydrofuran, at a temperature of between 0 «C and 25 «C for a period of between 5 
minutes and 6 hours. 

Step 2b Involves the O-alkylation of a compound of fomiula XVil with an aikyi (defined as R12 
above) halide or sulfonate to obtain an Oalkyi lactam compound of fomnula XVI. The 
aikylation Is conducted In the presence of a strong base, preferably an alkali metal amide 
such as sodium bis(trimethyl8ilyl)amide, and an inert organic solvent, preferably a cyclic 
ether such as tetrahydrofuran, at a temperature of between -100 and 25 for a period 
of between 5 minutes and 6 hours. 

Step 2c concerns the hydrolysis of the group Pi on an N-alkyI lactam compound of fonnula 
XVIIi. The hydrolysis is typically can-ied out in the presence of a protic acid, preferably an 
organic acid such as trifluoroacetic acid, hydrogen or a silyi halide, preferably a silyl iodide 
such as trimethyisiiyi iodide, and an inert organic solvent, preferably a chlorinated alkane 
such as dichloromethane, at a temperature of between -100 <'C and 25 "C for a period of 
t>etween 1 minute and 2 hours. 

Step 2d involves the acylation of an aminolactam of fomiula XIX with a lactone compound of 
fomiula VII to obtain a diamlde compound of formula XX. The acylation is conducted In the 
presence of a base, preferably an alkylamine base such as dilsopropylethylamlne, and a 
polar, organic solvent, preferably a protic polar solvent such as Isopropanol, at a 
temperature slightly below or at the reflux temperature of the solvent employed for a period 
of between 4 and 48 hours. 

Step 2e concerns the hydrolysis of the 1 ,3-dioxane group of compound formula XX, to obtain 
a substituted lactam compound of fonnula I. The hydrolysis is typically carried out by 
dissolving the diamide in a mixture of solvents consisting of 1) a protic acid, preferably an 
organic acid such as trifluoroacetic acid, 2) a protic solvent, preferably water, and 3) an Inert 
organic solvent, preferably a cyclic ether such as tetrahydrofuran, atB temperature of 
between 0 "^C and 25 "C for a period of between 5 minutes and 2 hours. 
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The aminolactam compounds of formula lie may be prepared as depleted below: 




where each R1, R6> R7 is as defined above, R13 is an appropriate substituent based on the 
definition of Rs above and Pi is a carbonyi-oontaining group. 

Preferably. Pi is allcoxycarbonyl such as f-butyioxycarbonyi. 

Step 3a involves the substitution of the hydroxy group of the compound of formula XVil for a 
heteroatom (defined as Y above) preferably with inversion of configuration and most 
preferably by a Mitsunobu type reaction (reference) involving a triallcyl or triaryl substituted 
phosphine, an azodicarboxylate diester and a nucleophile source such as 
dlphenylphosphoryt azide. Alternatively the hydroxy group can be converted to a sulfonate or 
hallde suitable for displacement. 

Step 3b concerns the hydrolysis of the group Pi on an N-alkyI lactam compound of formula 
XXI. The hydrolysis is typically carried out in the presence of a protic acid, preferably an 



V/O 2005/014S74 



-25- 



PCT/EP2004/008284 



organic add such as trifluoroacetic add, hydrogen or a sllyl halide. preferably a sllyl Iodide 
such as trimethylsilyl iodide, and an Inert organic solvent, preferably a chlorinated aikane 
such as dichloromethane, at a temperature of between -100 «C and 25 for a period of 
between 1 minute and 2 hours. 

Step 3c Involves the acylation of an aminoiactam of formula XXII with a lactone compound of 
formula Vtl to obtain a diamide compound of formula XXIII. The acylation is conducted in 
the presence of a base, preferably an all<ylamlne base such as diisopropylethyiamine, and a 
polar, organic solvent, preferably a protic polar solvent such as Isopropanol, at a 
temperature slightly below or at the reflux temperature of the solvent employed for a period 
of between 4 and 48 hours. 

Step 3d concerns the hydrolysis of the 1,3-dioxane group of compound formula XXIIi, to 
obtain a substituted lactam compound of fomnula I. The hydrolysis Is typically carried out by 
dissolving the diamide in a mixture of solvents consisting of 1) a protic add, preferably an 
organic add such as trifluoroacetic add, 2) a protic solvent, preferably water, and 3) an Inert 
organic solvent, preferably a cyclic ether such as tetrahydrofuran, at a temperature of 
between 0 and 25 for a period of between 5 minutes and 2 hours. 

The aminoiactam compounds of formula lid may be prepared as depided below: 
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acylatlon 




alkylation 



Stap4b 




XXIV 



XXV 



XXVI 



hydrolysis 



where each R1, R5, and R7 is as defined above, and Pi is a carbonyl-containing group. 
Preferably, Pi is ailcoxycarbonyl such as f-butyloxycarbonyl. 

Step 4a Involves the A^-acyiatlon of c^dolysine XXIV to obtain an A/-acylcyclolysine 
compound of fonnuia XXV. The acylating agent is typically an acid chloride or an anhydride. 
When Pi is f-butyioxycarbonyl, the acylating agent is di-to/f-butyldicarbonate. The reaction 
is canied out in the presence of a base, preferably an alkyiamine base such as triethyiamine, 
and a polar organic solvent, preferably an amide such as N,A/-dimethylformamide, at a 
temperature of between 0 ""C and 40 ""C for a period of between 1 and 24 hours. 

Step 4b Involves the f/-alkylation of an N-acylcyclolysine compound of fonnula XXV with an 
allcyl (defined as R7 above) halide or sulfonate to obtain an N-alkyI lactam compound of 
fomiuia XXVI. The alkylation is conducted in the presence of a strong base, preferably an 
alkali metal amide such as sodium bis(trimethylsilyl)amide, and an inert organic solvent, 
preferably a cyclic ether such as tetrahydrofuran, at a temperature of between -100 ""C and 
25 ''C for a period of between 5 minutes and 2 hours. 




XXVIII 



XXVII 



lid 
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Step 4c concerns the hydrolysis of the group Pi on an N-alkyI lactam compound of formula 
XXVI. The hydrolysis is typically canied out In the presence of a protic acid, preferably an 
organic acid such as trifluoroacetic acid, hydrogen or a silyl haiide, preferably a silyl iodide 
such as trimethylsilyl iodide, and an inert organic solvent, preferably a chlorinated alkane 
such as dichloromethane, at a temperature of between -100 **C and 25 **C for a period of 
between 1 minute and 2 hours. 

Step 4d involves the acylation of an aminoiactam of formula XVIi with a lactone compourul of 
formula XXVII to obtain a diamide compound of fonnuta XXIX. The acylation Is conducted In 
the presence of a base, preferably an alkylamlne base such as dilsopropylethyiamlne, arKi a 
polar, organic solvent, preferably a protic polar solvent such as isopropanoi, at a 
temperature slightly below or at the reflux temperature of the solvent employed for a period 
of between 4 and 48 hours. 

Step 4e concerns the hydrolysis of the 1 ,3-dioxane group of compound formula XXIX, to 
obtain a substituted lactam compound of fomnula Id. The hydrolysis is typically carried out 
by dissolving the diamide in a mixture of solvents consisting of 1) a protic acid, preferably an 
organic acid such as trifluoroacetic acid, 2) a protic solvent, preferably water, and 3) an inert 
organic solvent, preferably a cyclic ether such as tetrahydrofuran, at a temperature of 
between 0 "C and 25 ''C for a period of between 5 minutes and 2 hours. 

The lactone compounds of fonnula VII may be prepared as depicted below: 
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SifiXLSa step Sb 

XXX XXXI XXXII 



hydrolysis 



9— f° 9 9 oxidaave HO O 

^" XXXIV XXXIII 

where R1 and Rs are as defined above. 

As to the Individual steps, Step 5a Involves the dlketallzation of polyhydroxylated lactone of 
fomiula XXX with acetone to obtain bis(acetonide) XXXI. The dlketallzation is conducted In 
acetone as solvent using a catalyst such as iodine at a temperature of between 0 ""C and the 
reflux temperature for a period of between 2 and 48 hours. 

Step 5b involves the alkylation of b/s(acetonlde) XXXI with an alkylating agent such as an 
alkyi (defined as Rs above) haiide, sulfonate or sulfate ester to obtain the ether XXXII. The 
alkylation is conducted In the presence of water and a base, preferably a metal oxide such 
as silver oxide, and an inert organic solvent, preferably a chlorinated alkane such as 
dichloromethane, at a temperature of between 0 ''C and the reflux temperature for a period 
of between 12 hours and 7 days. 



Step 5c involves the hydrolysis of alky I ether XXXII to obtain the dihydroxy compound of 
fonmula XXXIIl. The hydrolysis is conducted In the presence of water and a protic acid, 
preferably a carboxylic acid such as acetic acid, at a temperature of between 5 ""C and 35 C 
for a period of between 1 and 24 hours. 
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Step 5d involves the oxidative cleavage of dihydroxy compound XXXill to obtain the 
aldehyde XXXIV. The reaction is conducted In the presence of an oxidant, preferably a 
periodate salt such as sodium periodate, In a protic solvent, preferably an all<anol such as 
methanol, at a temperature of between 0 ""C and 25 ""C for a period of between 10 minutes 
and 4 hours. 

Step 5e Involves the olefination of aldehyde XXXIV to obtain a lactone compound of fomnula 
VII. The olefination is conducted in the presence of an organometatiic compound, preferably 
an organochromium compound such as the transient species generated from 
chromium(ll)chloride and a diiodoalkane (defined as R1CHI2 where Ri is as defined above), 
in the presence of a solvent mixture consisting of 1) a polar organic solvent, preferably an 
amide such as A/,A/-dimethylformamide, and 2) an inert organic solvent, preferably a cyclic 
ether such as tetrahydrofuran, at a temperature of between -80 ""C and 25 ^'C for a period of 
between 5 minutes and 4 hours. 

Alternatively the lactone compounds of formula Vila may be prepared as depicted below: 




XXXIII XXXV Vila 



Where R5 is defined above and R' is C(i^) alkyi 

Step 6a involves the conversion of XXXill to an ortho ester XXXV by acid catalyzed 
transesterlfication with an afkyi orthoester, preferably triethylorthoformate and p- 
toiuenesuifonic acid. The reaction can be run with excess alkyi orthoester as the solvent or 
an inert organic solvent may be used at a temperature of between 20 and 80 '^C for a 
period between 1 and 24 hours. 
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Step 6b involves the elimination of tiie orttioester XXXV to give all<ene Vila. The reaction Is 
conducted in an organic acid anhydride, preferably acetic anhydride at a temperature of 20 
and 100 for a period between 1 and 24 hours. 



Alternatively the lactams of formula I may be prepared as depicted below: 




where each R1 , R5. R71 R&> and X are defined above, R" is a 0(3.9) branched ali<yl or phenyl 
substituted C(i^) alkyi, preferably benzyl and R'" is a C(i^) all<yl, preferably ethyl. P2 and P3 
are alcohol protective groups, preferably sllyl groups such as ferf-butyldimethylsilyl and 
trimethylsiiyi respectively. P4 is an alcohol protective group, preferably benzyl or 2* 
naphthlmethyl ethers. 

Step 7a involves an Evans type aldol condensation of oxylmide XXXVI with an aldehyde to 
give XXXVII. The reaction is conducted in the presence of a Lewis acid, preferably 
diethylborontriflate and an organic base, preferably diisopropylethylamlne In an inert organic 
solvent such as CH2Cl2at a temperature of between -100 and 0 for a period of 1-24 
hours. 

Step 7b involves the O-silylation of compound XXXVii to obtain a sllyl ether compound of 
formula XXXVIII. The siiylating agent is typically a silyl chloride or trifluoromethanesulfonate. 
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When P2 is (erf-butyldimethytsityt, the silyiating agent Is feft*butyldimethylsilylchloride. The 
reaction is canried out in the presence of a base, preferably a mild base such as imidazole, 
and a polar organic solvent, preferably an amide such as A/,A/-dimethylformamide, at a 
temperature of between 0 and 40 ""C for a period of between 1 and 24 hours. 

Step 7c involves the formation of thioester XXXIX from XXXVltl by reaction with an all<ali 
metal salt of a thioether, preferably LiSEt, in an inert solvent, preferably THF, at a 
temperature of between -1 00 and 0 for a period of 1-24 hours. 

Step7d involves conversion of thioester XXXIX to the aldehyde XL by reduction with a metal 
hydride, preferably diisobutylaluminum hydride, in an inert solvent, preferably CH2CI2, at a 
temperature of between -100 and 0 for a period of 10 minutes to 1 hour. 

Step 7e Involves a Gennari type coupling of aldehyde XL with a thiovinylether to give the 
thioester XLI. The reaction is conducted In the presence of a Lewis acid, preferably SnCi4, in 
an inert solvent, preferably a mixture of CI-i2Cl2 and heptane, at a temperature of between 
-100 ""C and 0 for a period of 1-24 hours. 

Step 7f Involves the acylatlon of thioester XLI with amine VI to give diamlde XLI I. The 
reaction is conducted in an Inert solvent, preferably dioxane, at a temperature of between 
room temperature and 100 for a period of 1-48 hours. 

Step 7g involves the deprotection of diamlde XLI I to give compound 1. The method employed 
Is dependant on the P2 and P5 groups utilized, preferably when P2 is ferf-butyldimethylsllyl 
and P4 is 2-naphthlmethyi ether a two step procedure is employed using DDQ in a mixture of 
wet CHaOi-i and CIH2CI2 followed by treatment with tetrabutyiammonium fluoride in THF to 
give compound I. 

The following specific examples are intended to further illustrate, but not limit, the invention. 



EXAMPLES 
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EXAMPLE 1: Tetradecanoic add (3R,6S)-7-oxo-1-pyridin-3-ylmethyl-6-((2R.3R.4S.5RHE)- 
3.4,5-trihydro)^-2-methoxy-8.8-dimethyl-iK)n-6-enoylamino)-azepan-3-yl ester 



a) Preparation of 3,5:6,7-bls-0(1 -methylethy«dene)-a-D-glucoheptonlc y-lactone. 
a-D-GlucoheptonIc y-lactone (500 g, 2.4 mol) is added Into 9 L of acetone In a 5 gal plastic 
drum. The mixture Is agitated mechanically until most of the solid dissolved (15-20 mln). 
Iodine (60g. 0.236 mol) is added portion wise into the lactone solution over 5-10 min. The 
resulting mixture Is stirred overnight. A saturated solution of Na2S203(1.3 L) Is added to the 
Iodine solution to quench the reaction. The resulting solution Is concentrated to about half of 
Its original volume In vacuum, and brine solution (5 L) Is added. The resulting mixture Is 
extracted with 3 x 1 .2 L EtOAc. All organic layers are combined and evaporated to dryness. 
The solid Is slurried with a mixture of ether and hexane (3:7), and filtered. The filter cake is 
washed with EtzO (50 mL) and air dried, giving 599 g of the desired compound as a white 
powder (86.5%): NMR (CDCI3) 8 4.62 (m, 1H), 4.50 (m. 1H), 4.35 (m. 2H). 4.07 (m. 1H). 
3.93 (m, 1H), 3.82 (dd. 1H), 3.08 (d. 1H). 1.51 (s, 3H). 1.44 (s, 3H). 1.39 (s, 3H), 1.35 (s. 
3H); ^^C Niy/IR (CDCb) 8 174.4, 109.4, 98.6, 72.8, 71.4. 69.3, 68.4. 67.8. 66.7, 28.6. 26.7, 
24.6, 19.3. 

Preparation of 2-0-methyl-3,5:6,7-bls-0-{1-methylethylldene)-a-D-glucoheptonlc y-lactone. 
3,5:6,7-bis-0-(1-methylethylldene)-a-D-glucoheptonlc y-lactone (719 g, 2.49 mol) Is added 
into 4.5 L of CH2CI2 in a 5 gal plastic drum. The mixture is stinred under N2. lodomethane 
(2500 g. 17.6 mol) is added Immediately followed by addition of silver(l) oxide (1750 g, 
7.58 mol). Water (30 mL) Is added to the reaction mixture. Ice bath Is used to maintain the 
reaction temperature at 15-30 "C. The reaction Is stirred In the absence of light for 18 h. 
After diluting the reaction mixture with 1 .5 L of CH2Ci2, the solid Is filtered and washed with 
an additional 2.2 L of CH2CI2. The undesired solid is discarded and the filtrate is evaporated 




o 
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to dryness. The residue is slurried In Et^O (1.5 L), filtered, and dried to give 618 g product 
(82 %): NMR (CDCIa) 8 4.75 (m, 1H), 4.33 (m, 1H), 4.29 (m, 1H), 4.15 (m, 1H), 4.07 (m, 
1H), 3.96 (dd, 1H). 3.83 (dd. 1H). 3.65 (s, 3H). 1.57 (s, 3H). 1.42 (s. 6H). 1.35 (s. 3H): "C 
NMR (CDCta) 8 172.5. 109.6. 98.5. 79.0. 73.1. 69.5. 68.6. 67.5. 66.9. 59.1. 28.9. 26.9. 24.9. 
19.4. 

Preparation of 2-0-Methyl-3.5-0-(1-methyietliyiidene)-a-D-glucoheptonic y-lactone. 
2-0-methyl-3.5:6.7-bl8-0-(1-methyiethyiidene)-a-D-glucoiieptonlc y-lactone (618 g. 2.05 mol) 
is dissolved in 8 L of a mixture of acetic add and water (1 :1) over 30 mln. The solution Is 
stinred at ambient temperature overnight. The solution Is evaporated to dryness In vacuum. 
The solid Is slunied in 3-5 L of hot acetone and filtered. After oven dr^ng at 20-30 "C, 363 g 
of the desired compound Is obtained (67.6 %). NMR(CDCl^): 8 4.92 (d. 1H), 4.80 (m. 
1H). 4.47 (d. 1H). 4.42 (t. 1H). 4.39 (m, 1H). 3.95 (dd, 1H). 3.75 (m, 2H), 3.4 (s, 3H), 2.5 (m, 
1H), 1.42 (s, 3H). 1.22 (s. 3H). 

d) Preparation of 2.4-0-(1 -methylethylidene)-5-0-methyl-L-glucuronic y-lactone. 
2-0-Methyl-3,5-0-(1-methylethyiidene)-a-D-giucoheptonicy^actone (200 g, 0.76 moi) Is 
dissolved into a 1:1 mixture of methanol and water (3.6 L). The stin^ mixture Is cooled in 
an Ice water bath to about 8 *'C. Solid Nal04 (213 g, 0.98 moi) Is added portion wise. 
Reaction Is complete within 40 mln as Indicated by thin layer chromatography (TLC) (silica 
gel. 5% methanol. 15% EtOAc In CH2Ci2). Solid NaQ is added Into the reaction mixture to 
saturate the methanolic solution. The solid is filtered and washed with 2 L CH2CI2. The 
filtrate Is detracted with 7x500 mL CH2CI2. Combined organic layers are dried over Na2S04. 
filtered and concentrated to a ^rup. which fonned a precipitate upon addition of hexane. 
The solid is filtered and rinsed writh E^O. A portion of the crude product (50 g) is dissolved 
in 3 L CHCI3 and heated to reflux. After rotary evaporation of 2.1 L of Cl-tClaat atmospheric 
pressure (methanol is driven out of the system by co-evaporation with CiHCIs) the residue is 
evaporated to dryness. 44 g of the desired product is obtained as a solid after drying in 
vacuum ovemlght Ni^^R (CDCI3): 8 9.60 (s, 1H), 4.78 (m, 1H), 4.42 (s, 2H). 4.15 (dd. 
1H), 3.65 (s. 3H), 1.58 (s. 3H), 1.55 (s. 3H); "C NMR (CDCI3) 8 198.8. 171.9, 99.0. 78.4, 
74.4. 72.9, 68.4. 67.4, 59.2, 28.7, 19.0. 

e) Preparatton of (6£)-6,7,8.9-tetradeoxy-8,8-dimethyl-2-0-methyt-3.5-0-(1 - 
methylethylidene)-gulo-non-6-enonic acid lactone. 
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Into a 2 L round bottom flask, Is added CrCb (50 g. 41 mmol ), anhydrous THF (750 mL), 
and DMF (32 mL). The mixture is stinted under Na for 1 h. A solution of 2,4-0-(1* 
methylethylidene)-5-0-methyl-L-glucuronlcr-lactone (12 g, 50 mmol), 1,1-dliodo-2»2* 
dimethylpropane (15 mL), and 500 mL of anhydrous THF Is added slowly into the reaction 
mixture. After the addition, the reaction mixture Is stirred at ambient temperature for 1.5 h. 
The reaction Is quenched with saturated aqueous NH4CI. The residue Is partitioned with 
EtOAc/water and chromatographed (5% EtOAc • CHaCIa) to give 9 g (63%) of the desired 
compound as a white crystalline solid: ^HNMR (CDCI3) 8 5.82 (d, 1H), 5.58 (q, 1H), 4.71 (m, 
1H), 4.46 (m, 1H), 4.10 (dd, 1H), 4.0 (m, 1H), 3.66 (s, 3H), 1.58 (s, 3H), 1.53 (s. 3H), 1.07 (s, 
9H); ^^C NiVIR (CDCia) S 172.5, 147.0. 120.2, 98.7, 70.1, 71.9. 70.3, 67.6. 59.2. 33.2. 29.3. 
19.3. 

Preparation of (3S, 6R)-3-(fe/f-butoxycarbonyl)amlnohexahydro-6-hydroxy-2H-azepin-2-one 
In a 1 L flask (5R)«5-hydroxy-L-lyslne (10 g. 0.040 moi). 1-hydroxybenzotrlazole hydrate (8.2 
g, 0.060 mol) and H3-(dimethytamlno)propyl]-3-eth^carbodilmide-HCi (11.6 g, 0.060 moi) 
are added to 500 mL DMF with stinging. After 0.5 h triethyiamlne (16.8 mL, 0.120 mol) Is 
added. The reaction is stirred at room temperature for 48 h. DMerf-butyl dlcart)onate (17.6 

g, 0.080 mol) and triethyiamlne (16.8 mL. 0.120 moi) are added. Stirring Is continued for 16 

h. The reaction mixture is filtered to remove trIethylamine-HCI and the solvent is removed by 
rotary evaporation under high vacuum to give a thicic oil. The oil is dissolved in 150 mL 
CI-I2CI2 and applied to a silica gel column (150 g, 40 x 250 mm). The column is eiuted with 
3% methanol in CH2Ct2 to give the crude product as a solid. The crude solid is dissolved In 
120 mL hot CHaCIa and cooled to -20 for 1 h. The resulting solid is filtered and washed 
with 50 mL CH2CI2. The combined filtrates are evaporated to dryness. CH2Ci2 (40 mL) is 
added to this residue and the resulting siuny Is stirred for 0.5 h at room temperature. The 
slurry is filtered and the solid washed with 25 mL CH2Ci2. The solids are combined to give 
5.57 g of (3S. 6R>3-(f6rf-butoxycarbonyl)aminohexahydro-6-hydroxy--2H-azepln-2-one. 300 
MHz HMR (Diy^SO) 5 7.42 (1 H. t, J = 5.1 Hz), 6.38 (1 H, d. J = 6.6 Hz). 4.60 (1 H. d. J = 
4.2 Hz), 4.07 (1 H. m). 3.74 (1 H, m). 3.32 (1 H, m), 3.03 (1 H. m). 1.8-1.5 (4 H, m), 1.39 (9 
H. s). 

g) Preparation of (3S, 6/?)-3-(fe/f-butoxycarbonyl)aminohexahydro-6-f-butyl- 
dimethylsllyioxy-2H-azepin-2-one. 
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To a Stirred solution of (3S, 6^?)-3-(te/t-biitoxycart)onyl)aminohexahydrx>-6-hydroxy-2H- 
azepin-2-one (25 g, 102 mmol) in DMF (60 mL) is added to/t-butyidimethylsiiyi ciiioride 
(23.16 g, 153 mmoi), and imidazole (10.45 g, 153 mmol). The reaction is stirred at room 
temperature for 18 li, diluted with 1 L of water and extracted with a 1 :1 (2 x 200 mL) mixture 
of ethyl acetate and he}aine. All organic layers are combined, washed with brine, dried with 
NaS04. and concentrated under vacuum. The residue is purified by recr^talilzation with 
ethyl acetate/hexane to give 28.5 g (78%) of (38, 6/?)-3-(te/f-butoxycarbonyl) 
amlnohexahydro-6-tort-butyldlmethyi8llyioxy-2H-azepln-2-one as a white solid, melting point 
65 - 66 'C; Niy^R (CDCI3) 6 5.86 (d, J=6 Hz. 1H), 5.58 (t. J«6 Hz, 1H). 4.18 (m. 1H). 3.91 
(s, 1H), 3.35(dd, J=6 Hz and 16 Hz, 1H). 3.07 (m, 1H), 1.80 (m, 4H), 1.40 (s, 9H). 0.83 (s. 
9H). 0.004 (s. 6H). 

h) Preparation of [(3S,6R)-6-(tert-butyl-dlmethyl-silanylo}^)-2-oxo-1 -pyridin-3-ylmethyl- 
azepan-3-yq-carbamic add tert4)utyi ester 

To a stirred solution of [(3S,6R)-6-(tert-butyi-dlmethyl-siianyloxy)-2-oxo-azepan-3-yi]- 
carbamic add tert-butyi ester (4.0 g, 1 1 .1 mmol) in THF (30 mL) at -78 ''C is added 
KN(Si(CH3)3)2 (45.0 mL 1M THF, 45.0 mmol) slowly. The mixture is stirred at room 
temperature for 20 min, cooled to -78 "C. and 3-chloromethyi-pyr1dine hydrochloride (2.75 g. 
16.7 mmol) Is added in portions. The reaction is wanned to room temperature and stirred for 
16 h, H2O (20 mL) Is added and the mixture is partitioned with HaO/ether, the organic layer is 
separated, dried with Na2S04 and evaporated to give a white solid, 5.0 g (quantitative) of 
[(3S,6R)-6-(tert-butyl-dlmethyi-slianyloxy)-2-oxo-1-pyridin-3-ylmethyl-azepan-3-ya-carbamic 
acid tert-butyi ester. MS (ESI) 899.3 (2M->-H)* 

i) Preparation of (3S,6R)-3-amino-6-(tert-but^-dimethyl-siianyioxy)-1-pyridin-3-ylmethyl- 
azepan-2-one 

To a stirred solution of [(3S,6R)-6-(tert-bufyi-dimethyl-8ilanyloxy)-2-oxo-1-pyridin-3-ylmethyl- 
azepan-3-yiI-carbamlc add tert-butyi ester (5.0 g. 1 1 .1 mmol) in CH2CI2 (50 mL) at -78 "C is 
added trimethylsiiyi iodide (2.8 g, 14.0 mmol) neat After 30 min the reaction solution is 
wanned to 0 **C and stined for 15 min. The reaction is quenched with a solution of CH3OH 
(25 mL) and NH4HCO3 (10 mL. saturated in H2O). and partitioned with H2O/CH2CI2. The 
CH2Ci2 fraction is dried over Na2S04 and evaporated to a gum and chromatographed on 
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silica (95% CH2CI2 / 5% CHaOH) to give 3.6 g (92.6%) of (3S,6R)-3-amino-6-(tert-buty|. 
dimethyt-8ilanyloxy)-1-pyridin-3-ylmetliyl-azepan-2-one as a white aoiid. MS (ESI) 350J2 
(M+H)* 

J) Preparation of (R)-I^J-[(3S,6R)-6-(tert-butyl-dimethyl-8llanyloxy)-2-oxo-1-pyridln-3- 
yimetliy!-azeparv3-yq-2-[(4R,5R,6R)-6-((E)-3,3-dimetliyl-but-1-enyl)-5-hydroxy-2,2-dimethyt^ 
[1 ,3]dloxan-4-yi]-2-methQ)(y-acetamide 

A solution of (3S,6R)-3-amlno-6-(tsrt-butyl-dimetliyl-8iianyloxy)-1-pyridin-3-ylmethyl-azepan- 

2- one (1.84g, 5.3 mmol). (4R,4aR)^(E)-3,3-Dimethyl-but-1-enyl)-7-methoxy-2,2-dlmethyl- 
tetrahydro-furo[3,2-d][1,3]dioxln-6K)ne (1.0 g, 3.5 mmol) and dilsopropylethylamlne (1.37 g, 
1 1.0 mmol) in isopropanol (10 mL) Is refluxed for 16 11. The solution is evaporated and 
chromatographed on silica (95% CH2Ci2 / 5% CH3OH) to give 1 .27 g (57.0%) of (R)-N- 
[(3S,6R)-6-(tert-butyl-dlmethyl-8llanylo}^)-2-oxo-1-pyridln-3-ylmethyl-a»pan-3-yq-2- 
[(4R.5R.6R)-6-((E)-3.3-dimethyl-but-1-enyl)-5-hydroxy-2.2-d1methyi-[1.3)dioxan-4-^^^ 
methoxy-aoetamide as a white solid. MS (ESI) 634.3 (M+H)^ 

Preparation of (R)-2-[(4R,5R,6R)-6-((E)-3,3-dlmethyl-but-1-enyl)-5-hydroxy-2,2-dlmethyl- 
[1 .3]dioxan-4-yi)-N-((3S,6R)-6-hydro}^-2-o}«>-1 -pyrldin-3-ylmethyl-azepan-3-yl)-2-methoxy- 
acetamide 

To a stinned solution of (R)-N-[(3S.6R)-6-(tert-butyl-dimethyl-siianyloxy)-2-oxo-1-pyrldin-3- 
y!methyl-azepan-3-yl]-2-[(4R,5R,6R)-6-((E>-3,3-dimethyl-but-1-enyl)-5-hydroxy-2.2-dimethyl- 
[1 ,3]dioxan-4-yl]-2-methoxy-acetamide (1 .2 g. 1 .9 mmol) at room temperature is added 
tetrabutyiammonium fluoride (5.68 mL, 1 M THF, 5.68 mmol). After 2 h, the solution is 
evaporated and chromatographed on silica (95% CH2CI2 / 5% CHaOi^) to give 0.74 g (75.2 
%) of (R)-2-t(4R,5R,6R)-6-((E)-3,3-dimethyl-but-1-enyi)-5-hydroxy-2.2-dimethyl-[1 .31dioxan- 
4-yl]-N-((3S,6R)-6-hydro)v-2-oxo-1-pyridin-3-ylmethyl-azepan-3-yl)-2-methoxy-acetamide as 
a white solid. NMR 300MHz 8 8.52(m. 2H), 7.69 (m, 1H). 7.29 (m, 1H). 5.77 (d. 1H). 
5.54(dd. 1H), 4.69 (m, 2H), 4.29 (m. 2H), 4.10 (m. 2H). 3.92 (d. 1H). 3.54 (m. 2H), 3.50 (s. 
3H), 3.33 (m,2H), 2.15 (m, 1H), 2.00 (m, 1H), 1.90 (m, 1H), 1.67 (m, 3H), 1.46 (m, 4H), 1.04 
(8. 9H), 1.00 (t. 2H): MS (ESI) 520.2 (M•<-H)^ 

I) Preparation of tetradecanolc acid (3R.6S)-6-{(R)-2-[(4R.5R.6R)-6-((E)-3,3-dimethyl- 
but-1-enyl)-5-hydroxy-2,2-dimethyK1,3]dioxan-4-yi]-2-methoxy-acetylamino}-7-oxo-1-pyridin- 

3- yimethyl-azepan-3-yl ester 
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To a stirred solution of tetradecanolc add (0.39 g 1.7 mmol) and 4 dlmetiiylamlnopyrldine 
(0.21 g. 1.7 mmol) In CH2Cl2(15 mL) is added 1-ettiyl-3-^(dimethylam.lno)propyq- 
carbodlimlde hydrochloride (0.34 g, 1.7 mmol) at room temperature. After 30 min (R)-2- 
[(4R.5R.6R)-6-((E)-3.3-dlmettiyl-but-1-enyl)-5-hydroxy-2.2-dimett)yt-[1.3]dioxanw|.y^ 
((3S.6R)-6-hydroxy-2-oxo-1-pyridln-3-ylmethyi-azepan-3-yl)-2-methoxy-acetamide (0.74 g. 
1.4 mmol) Is added and stirred for 16 h. The reaction is concentrated and chromatographed 
on silica (98% CH2CI2 / 2% CHaOH) to give 0.3 g (28.8 %) of tetradecanolc add (3R.6S)-6- 
{(R)-2-[(4R.5R.6R)-6-((E)-3.3<llmethyl-but-1-enyi)-5-hydroxy-2.2-dimettiyl-[1.3]dioxan-4-^^ 
2-mettio)(y-acet^amino}-7-oxo-1-pyridln-3-ylmethyi-azepan-3-yl eeter as a white solid. 
NMR 300MH2 6 8.54(s, 2H), 7.88 (d, 1H), 7.63 (d, 1H), 7.29 (m, 1H), 5.77 (d. 1H), 5.54(dd. 
1H), 5.06 (d, 1H), 4.75 (m, 1H), 4.50 (m, 1H). 4.29 (m. 2H), 4.08 (d, 1H), 3.90 (d. 1H), 3.52 
(s. 3H), 3.50 (m, 1H), 3.25 (d, 1H). 2.27 (t. 2H). 2.15 (m. 2H). 2.00 (m. 1H), 1.60 (m, 3H). 
1.46 (d, 2H). 1.25 (m. 24H), 1.04 (s, 9H), 0.88 (t. 3H): MS (ESI) 730.3 (M+H)*. 

m) Preparation of titie compound tetradecanolc acid (3R,6S)-7-oxo-1-pyridin-3-yimethyi- 
6-((2R,3R,4S,5R)-(E)-3,4,5-trihydroxy-2-mettK)xy-8,8-dimethyl-non-6-enoyiamino)-azepan-3- 
yi ester 

To a solution of TFA/THF/H2O (3/3/2) (30 mL) at 0 ^'C Is added tetradecanolc add (3R.6S)-6- 
{(R)-2H(4R,5R,6R)-e-((E)-3,3<nmethyl-but-1-enyi)-5-hydroxy-2,2<ilmethyl-[1,3ldloxan-4-y^^ 
2-metiiQxy-acefylamino}-7-oxo-1-pyridin-3-ylmetiiyi-azepan-3-yl ester (0.3 g, 0.42 mmol). 
After 30 min the reaction is evaporated under high vacuum, toluene Is added (20 mL) and 
evaporated under high vacuum to remove remaining TFA. The residue is dissolved in CH2CI2 
at 0 "C and neutralized by adding NI44OH dropwise. The solution Is concentrated and 
chromatographed on silica (98% CH2CI2 / 2% Cl^sOH) to give 0.2 g (70.7 %) of 
tetradecanolc add (3R.6S>-7-oxo-1-pyridln-3-yimefliyi-6-((2R.3R.4S,5R)-(E)-3,4,5-trihydroxy- 
2-methoxy-8,8-dlmethyl-non-6-enoylamino)-a2»pan-3-yl ester as a witti solid. NMR 
300MHz 8 8.62 (s, 2H). 8.17 (d. 1H), 7.67 (d. 1H). 7.33 (m, 1H), 5.83 (d, 1H), 5.42(dd. 1H), 
4.69 (m. 1H), 4.54 (m. 1H). 4.33 (d, 1H), 4.32 (t, 1H), 3.83 (dd, 2H), 3.67 (d, 1H), 3.26 (s, 
3H), 3.17 (m, 1H). 2.94 (d, 1H). 2.29 (t, 2H). 2.13 (m, 2H). 2.00 (m. 1H), 1.60 (m, 3H). 1.29 
(m. 24H). 1.04 (s, 9H). 0.89 (t. 3H): MS (ESi) 690.3 (M+H)^. 

EXAMPLE 2: (E)-(2R,3R,4S,5R)-3.4,5-Trihydroxy-2-methoxy-8,8-dlmethyi-non-6-enolc acid 
[(3S,6R)-6-(6-amino-hexyioxy)-1-methyl-2-oxo-azepan-3-yl]-amide 
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a) Preparation of [(3S,6R)-6-(tert-butyI-dlmethyl-sllanyloxy)-1 -methyl-2-oxo-azepan-3-yl]- 
carbamic acid tert-butyl ester 

FolloNvIng the procedure of Example 1(f)-1(ii), except CiHs-l is substituted for 2-chloromethyi- 
pyridine and one equivalent of KN(Si(CH3)3)2 is used in step 1(h) to give the product as an 
oil. NMR (CDCia) 8 0.05 (s. 3H), 0.07 (s, 3H), 0.87 (s, 9H), 1.44 (s. 9H), 1.8 (m, 4H), 3.06 
(s. 3H). 3.2 (dd, 1H). 3.7 (d, 1H). 4.0 (m, 1H). 4.28 (dd. 1H), 6.0 (d, 1H). 

b) Preparation of ((3S,6R)-6-hydroxy-1-methyl-2-oxo-azepan-3-yl)-carbamic acid tert- 
butyl ester 

To a solution of [(3S,6R)-6-(terl-butylKlimethyl-silanyloxy)-1-rnethyl-2-oxo-a2epan-3-yll- 
carbamic acid tert-butyl ester (0.85 g, 2.27 mmol) in THF (40 mL) is added 
tetrabutylammonium fluoride (3 mL 1M THF, 3 mmol) at room temperature. The reaction 
solution is stirred for 4 h, then H2O (40 mL) is added and the solution concentrated under 
vacuum to Vz its volume and extracted 3x with CH2CI2 (40 mL). The combined CH2CI2 
extracts are adsorbed on silica and chromatographed (5% CH3OH/ CH2CI2) to give 0.568 g 
(72%) of ((3S,6R)-6-hydroxy-1-methyl-2-oxo-a2epan-3-y!)-carbamlc acid tert-butyl ester as a 
white solid. NMR (CDCI3) 5 1.44 (s. 9H), 1,7-2.05 (m, 4H), 3.1 (s, 3H), 3.37 (dd, 1H). 3.73 
(d, 1H), 4.07 (m, 1H), 4.31 (m, 1H), 6.0 (d, 1H). 

Preparation of [(3S,6R)-6-(6-azido-hexyloxy)-1-methyl-2-oxo-azepan-3-yll-carbamlc acid tert- 
butyl ester 

To a stirred solution of ((3S,6R)-6-hydroxy-1-methyl-2K)xo-azepan-3-yl)-carbamIc acid tert- 
butyl ester (0.70 g, 2.6 mmol) in THF (5 mL) cooled to -78 is added NaN(Si(CH3)3)2 (2.8 
mL 1M THF, 2.8 mmol). After 10 min trifluoro-methanesulfonic acid 6-azido*hexyi ester (0.76 
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g, 3,1 mmol) is added neat and stirred for 10 min at -78 then wanmed and stirred at room 
temperature for 1 h. NaHCOd (5 mL 1M H2O) Is added and the solution Is partitioned with 
HaO/EtOAc, the EtOAc extract is dried with Na2S04 and evaporated to an oil. The oil Is 
adsorbed on silica and chromatographed (20% EtOAc/ CH2CI2) to give 0.32 g (32%) of 
[(3S,6R)-6-(6-azido-hexyloxy)-1-methyl-2-oxo-azepan-3*yl]-carbamic acid tert-butyl ester as 
an o«. NMR (CDCI3) 8 1.34 (s. 9H), 1.24-2.1 (m, 12H), 2.95 (s, 3H), 3.1-3.35 (m. 6H), 
3.44 (m, 1H), 3.55 (d, 1H), 4.2 (m. 1H). 

Preparation of (3S,6R)-3-amlno-6-(6-azldo-he)cyloxy)-1-methyl-azepan-2-one 
To a stirred solution of [(3S,6R)-6-(6-azido-hexyioxy)-1-methyl-2-oxo-azepan-3-yl]-carbamlc 
acid tert-butyl ester (0.32 g, 0.83 mmol) In CH2CI2 (4 mL) is added TFA (1 mL) at room 
temperature. After 1 h, the reaction Is evaporated under vacuum, toluene (20 mL) is added 
and evaporated under vacuum to remove remaining TFA. The residue is dissolved in Ci-i2Cl2 
(20 mL) saturated with ViHz adsorbed on silica and chromatographed (50% 
EtOAc/CHzClz/NHa then 10% CHaOH/CHzCla/NHa) to give 0.207 g (88%) of (3S,6R)-3-amino- 
6-(6-azido-hexy!oxy)-1-methyl-azepan-2-one as an oil. MS (ESI) 284.2 (M+H)* 

Preparation of (R)-N-[(3S.6R)-6-(6-azido-hexyloxy)-1 -methyl-2-oxo-azepan-3-yl]-2- 

[(4R,5R,6R)-6-((E)-3,3Kllmethyl4)ut-1-enyl)-5-hydroxy-2.2-dimet^^^ 

methoxy-acetamide 

To a solution of (3S,6R)-3-amlno-6-(6-azldo-hexyloxy)-1-methyl-azepan-2-one (0.207 g, 0.73 
mmol) in isopropanol (1 mL) is added (4R,4aR)-4-((E)-3,3-dimethyl-but-1-enyl)-7-methoxy- 
2,2-dimethyl-tetrahydro-furoI3,2-d][1,3]dloxln-6-one (0.3 g, 1 mmol) and heated to reflux for 
18 h. The solution is evaporated under vacuum adsorbed on silica and chromatographed 
(CH2CI2 to EtOAc gradient) to give 0.245 g (59%) of (R)-N-[(3S.6R)-6'(6.azido.hexyloxy)-1- 
methyl-2-oxo-azepan-3-yl]-2-[(4R,5R,6R)-6-((E)-3,3-dlmethyl-but-1-enyl)-5-hydroxy-2,2- 
dimethyK1,3Idioxan-4-yl]-2-methoxy-acetamideasasolid. (ESI) 568.1 (l^+l-l)^ 

f) Preparation of (E)-(2R,3R,4S,5R)-3,4,5-trihydroxy-2-methoxy-8,8-dimethyl-non-6- 
enolc acid [(3S,6R)-6-(6-azido-hexyloxy)-1 -methyl-2-oxo-azepan-3-yl]-amide 
Following the procedure of Example 1 m) except (R)-N-[(3S,6R)-6-(6-azido-hexyloxy)-1- 
methyl-2<>xo-azepan-3-yl]-2-[(4R,5R,6R)-6-((E)-3,3-dimethyl-but-1-enyl)-5-hydroxy-2,2^ 
dimethyi-[1,3]dioxan-4-yl]-2-methoxy-acetamide is substituted for tetradecanoic acid 
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(3R,6S).6^(R)-2-I(4R,5R,6R)-6-({E).3,3-dlmethyl-but-1-enyl)-5-hydro)Q^^^ 
[1 ,3ldloxan-4-yQ-2-metho)cy-acetylamlno}-7K)xo-1-pyridln-3-ylmet^^ ester. 
MS (ESI) 528.0 {mHt 

g) Preparation of title compound (E)-(2R,3R,4S,5R)-3,4,5-trihydroxy-2-methoxy-8,8- 
dlmethyl-non-6-enolc acid [(3S,6R)-6-(6-amlno-hexyloxy)-1 -methyl-2-oxo-azepan-3-yl]-amlde 
To a stin-ed solution of (E)-(2R,3R,4S,5R)-3,4,5-trihydroxy-2-methoxy-8.8-d!methyl-non-6- 
enolcacid [(3S,6R)-6-(6-a2ldo-hexyloxy)-1-methyl-2-oxo-a2epan-3-yl]-amlde (0.13 g, 0.25 
mmol) In THF (2 mL) is added H2O and triphenylphosphine (0.120 g, 0.5 mmol). After 8 h the 
reaction solution Is evaporated under vacuum to give a semisolid residue that Is dissolved in 
CHzClz (10 mL), adsorbed on silica and chromatographed (CI-i2Cl2/NIH3 to 25% 
CH3OH/CH2CI2/NH3 gradient) to give 0.106 g (85%) of (E)-(2R,3R,4S,5R)-3,4,5.trlhydroxy-2- 
methoxy-8,8-dimethyl-non-6-enolc acid [(3S,6R)-6-(6-amlno-hexyloxy)-1 -methyl-2-oxo- 
azepan-3-yl]-amide as a white solid. MS (ESI) 502.1 (M-i-H)^ 



EXAMPLE 3: (E)-(2R.3R,4S,5R)-3,4,5-Trihydroxy-2-methoxy-8.8-dimethyl-non-6-enoic acid 
((3S,6S)-6-azido-2-oxo-azepan-3-yl)-amide 



Preparation of ((3S,6S)-6-azido-2-oxo-azepan-3-yl)-carbamic acid tert-butyl ester 
To a stirred solution of ((3S.6R)-6-hydroxy-'2-oxo-azepan-3-yl)-carbamlc acid tert-butyl ester 
(3 g, 12.3 mmol example 1 f) and triphenylphosphine (3.75 g, 14.1 mmol) in THF (200 mL) at 
O^C is added diethyl azodicarboxylate (2.2 mL, 13.5 mmol) at a rate to maintain a 
temperature <5 °C followed immediately by addition of dlphenylphosphoryl azdde (2.9 mL, 
13.5 mmol). The reaction Is stirred for 60 h at room temperature in the daric, the solvent is 
removed under vacuum and the residue chromatographed on silica (hexane to ether 
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gradient) to give 2.33 g (70%) of ((3S,6S)-6-azido-2-oxo-azepan-3-yl)-carbamic acid tert- 
butyl ester as a solid. ly^S (ESI) 270 (M+H)^ 

Preparation of (3S,6S)-3-amino-6-a:ddo<^eparv>2'one 

Following the procedure of example 2 d) ((3S,6S>-6-azldo-2-oxo-azepan-3-yl)-carbamlc acid 
tert-butyl ester is substituted for [(3S,6R)-6-(6-azido-hexyloxy)-1-methyl-2-oxo-azepan-3-yl]- 
cart)amic add tert-butyl ester to give (3S,6S)-3-annlno-6-azido-azepan-2-one. MS (ESI) 170 
(M+H)* 

Preparation of (R)-N-((3S,6S)-6-azido-2*oxo-azepan-3-yl)-2-[(4R,5R,6R)-6-((E)-3,3-dlmethyl- 
but-1-enyi)-5-hydroxy-2,2-dimethyl-[1,3]dioxan-4-yl]-2-methoxy^acetamlde 
Following the procedure of example 2 e) (3S.6S)-3-amino-6-azIdo-a2sepan-2-one is 
substituted for (3S.6R)-3-amino-6-(6-azldo-hexyioxy)-lHmethyl-azepan-2-one to give (R)-N- 
((3S.6S)-6-azjdo-2K>xo-azepan-3-yl)-2-[(4R,5R,6R)-6-((E)-3.3-dlmettiyi-but-1-enyl)-5- 
hydroxy-2.2-dlmethyK1.31dtoxan-4-yl]-2.methoxy^cetamlde. MS (ESI) 454.2 {W-H)* 

d) Preparation of title compound (E)-(2R,3R,4S,5R)-3.4,5-trihydroxy-2-methoxy-8,8- 
dimethyl-non-6-enoic add ((3S,6S)-6-azido-2-oxo-a:rapan-3-yl)-amlde 
Following the procedure of example 1 m) (R)-N-((3S.6S>-6-azldo-2-oxo-azepan-3-yi)-2- 
[(4R.5R,6R)-6-((E)-3.3<limethyH)ut-1-enyl)-5-hydroxy-2.2<limethyK1,3]dioxan-4-yl]^^^ 
methoxy-acetemide is substituted for tetradecanoic add (3R,6S)-6-{(R)-2-[(4R,5R,6R)-6- 
((E)-3,3-dimethyi-but-1 -enyl)-5-hydroxy-2.2-dimethyl-[1 ,3]dioxan-4-ylI-2Hfnetiioxy- 
acefylamino}-7-oxo-1-pyrldin-3-^methyl-azepan-3-yl ester to give the title compound. MS 
(ESI) 414.2 (M+H)* 

EXAMPLE 4: 1(S)-2-Oxo-3-((2R,3R,4S,5R)-(E)-3,4.5-trlhydroxy-2-methoxy-8-methyl-non-6- 
enoylamino)-azepan-1-yl]-acetic add benzyl ester 
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Preparation of (4R,4aR)-7Hi\ethoxy-2,2<llnTOthyl-4-((E)-3-nwthyl-but-1-enylHetrahydr^ 
fUrop,2-d][1 ,3]dioxin-6-one 

Following the procedure of example 1 a) - e) except 1,1-diiodo-2-metliyi-propane is 
aubsUhJted for 1,1<<liiodo-2,2-dimethyt-propane to give (4R,4aR)-7-metlioxy-2,2-dimetliyl-4- 
((E)-3-methyi-biJt-1-enyl)-tetraliydro-furo[3,2-d][1,3]dioxin-6-one as a wliite solid. ^HNI\4R 
(CDCb) jB 5.85 (dd, J=15.6, 6.22 Hz, 1H), 5.64 (ddd, J= 15.6, 7.5, 1.27 Hz, 1H), 4.74 (dd, J= 
3.79. 2.09 Hz, IN), 4.48 (dd, J= 7.49, 1.78 Hz, 1H), 4.12 (d, J= 3.86 Hx, 1H), 4.02 (t, J* 2.02 
Hz, 1H). 3.68 (8. 3H), 2.36 (m, 1H), 1.56 (s, 3H), 1.51 (s, 3H), 1.04 (d, J= 1.9 Hz, 3H), 1.03 
(d, J« 1 .9 Hz, 3H); "C NMR (CDCI3) 8 172.8, 143.2, 122.0, 98.7, 79.0. 71.7, 70.0. 67.6. 
59.2, 30.7, 29.2, 21.9. 21.8, 19.2. HRMS: calculated for (l^+Na)* (C^HzaOsNa) 293.1365, 
found 293.1355. 

Preparation of ((S>-3-amino-2-oxo-azepan-1-yl)-acetic acid benzyl ester 
Following the procedure of example 1 h) except ((S)-2-oxo-azepan-3-yl)-carbamtc add tert- 
butyl ester is substituted for [(3S,6R)-6-(tert-butyi-dimethyl-siianyloxy)-2-oxo-azepan-3-yi]- 
carfciamic acid tert-butyl ester and bromo-acetic acid benzyl ester is substituted for 2- 
chloromethyi-pyridine and one equivalent of KN(Si(CH3)3)2 t>ase to give ((S)-3-tert- 
buto)^carbonylamino-2-oxo^epan-1-yl}-acetic acid ben^ ester. Removal of the Boc group 
by procedure 2 d) gives ((S)-3-amino-2-oxo-azepan-1-yl)-acetic acid benzyl ester. 

c) Preparation of title compound [(S)-2-oxo-3-((2R,3R,4S,5R)-(E)-3,4,5-trlhydroxy-2- 

mettioxy-8-methyl-non-6-enoylamino)-azepan-1-yl]-acetic add t>enzyl ester 

The product of 4 b) is processed as in example 2 e) -f) to give the title compound as a white 

solid. 

Examples 5-59 
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The following compounds are prepared by similar methods utilizing analogous starting 
materials: 





Example 5 




MS ESI 569.3 (M-t-Hf 


OH 6h o \ / 




U OHO HO 9 9H 
OHOHO L) H KJ-., 

T X - 


Example 6 

MS ESI 717.2 (M+H)* 


dHOHO W /Nx-v^ 


Example 7 

MS ESI 641.5 (M-t-Hf 


OH OH O (l^'^^X^ 


Example 8 

MS ESI 464.4 (M+H)* 
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■ f f 

V^OH 




Example 9 

MS ESI 542.3 (M+Naf 




Example 10 

MS ESI 463.3 (M+Hf 






Example 11 

MS ESI 542.3 (M+H)* 


\J OH o-" 

HO HO i r 




Example 12 

MS ESI 430.2 (M+H)* 


OH OH O ^ 




Example 13 

MS ESI 472.3 (M+Hf 
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Vl OH r% 

. o 


^ O QH 

>i. 

N 


Example 14 

MS ESI 591.2 (M-t-Hf 




OH 
HO OH 




Example 15 

MS ESI 431.2 (M-t-nr 




OHO" 

ohoho 


H o C**»2 
O 


Example 16 

MS ESI 656.4 (M+H)^ 




6h 6h o \ 3 

OH 


Example 17 

MS ESI 446.2 (M-i-Hr 




QH O 

6h 6h 


oh 


Example 18 

MS ESI 546.3 (M-t-H)^ 


Br" 


^ V / O OH OH 

HO 


Example 19 

MS ESI 637.1 (M+H)* 
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Example 20 

MS ESI 689.4 (M-i-Hr 




Example 21 

MS ESI 479.2 (M+Hf 




Example 22 

MS ESI 479.2 (M+Hr 








Example 23 

MS ESI 472.2 (M-t-Hf 






/ 


MS ESI 689.2 {hA+H)* 


o 





wo 2005/014574 



-47- 



PCT/EP2004/008284 




Example 25 

MS ESI 657.3 (M-t-Hr 

Example 26 

MS ESI 514.1 (M+H)* 



Example 27 

MS ESI 488.1 (M+Hr 

Example 28 

MS ESI 430.2 (M+H)* 



Example 29 

MS ESI 598.2 (M+Hf 
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Example 30 


^^^^ ^ 


MS ESI 642.3 (M+Hr 






h6 dH 0 V / 

M" 


Example 31 

MS ESI 528.0 (M+H)* 


6h 6h o \__} 


Example 32 

MS ESI 521.2 (M+Hr 




Example 33 




MS ES1 1197.4 (2M-t-Hr 
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Example 34 




MS ESI 519.0 (M-t-H)" 

Example 35 

MS ESI 393.0 (M-t-Hf 

Example 36 

MS ESI 398.5 {M+H)+ 

Example 37 

Example 38 ~ 
MS ESI 375.1 (M+H)* 

Example 39 

MS ESI 401,21 (M+H)* 
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9H 9 

OH OH 


A 


OH 


Example 40 

MS ESI 417.1 (M+H)* 


OH < 
OH OH 




^NH 


Example 41 

MS ESI 359.3 (M-^H)^ 


OH OH O k 


O 

-^NH 

II 

O 


Example 42 

MS ESI 569.5 (M+H)^ 


9H c 
^ OH OH 




Example 43 

MS ESI 443.4 (M+H)* 


^^^^^^^^^^^^^^^^^^9H^^O^ 

OH OH O 


'l^^H 
OH 


Example 44 

MS ESI 459.4 (M+Hf 


OH OH 


C 




OH 


Example 45 

MS ESI 409.3 (M+nr 


OH C 
OH OH 


c 


r'X 




Exam^e 46 

MS ESI 387.3 (M+H)* 
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Example 47 




MS ESI 387.3 (M+H)^ 


OH OH O \ / 




OH 0 


Examole 48 

MS ESI 549.3 (M+H) 


6h 6h 0 X / 








\ / OH Q*^ o 


Example 49 




MS ESI 375.3 (M+H)* 


OH OH O \ / 




nJ ?" ? h o 




OH OH O r y 


Ivio ESI (M+H) 


'oh 




—. _ 

\/ / OH o 


ExdiTiQld 51 


x / 5 T H n 






MS ESI 387.3 (M+H)* 


OH OH O \ X 




/ 7 OH Q 


Example 52 


1 I H 1 






MS ESI 371.2 (M+H)* 


OH OH 0 X / 




OH O^ o 


Example 53 

MS ESI 423.2 (M+H)* 


OH OH O \ / 
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OH O-^ ^ \ ) 


Example 54 

MS ESI 585.4 (M+Hr 








Example 55 




y 


MS ESI 435.0 (M-t-H^ 


OH 6h ^ \ / 








Example 56 




MS ESI 387.2 (M+Hr 


OH OH O \^ / 






. OH Q-^ p 

OH 6^ o \ / 


Example 57 

MS ESI 387.3 (M-t-H)^ 


\J OH q 

OH O >y 


Example 58 

MS ESI 387.2 (M+H)* 




OH H 

'\ OH OH O / \ 


Example 59 
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The anti-tumor activity of the compounds of fomiula I may be demonstrated emplo^ng the 
Anchorage Dependent Growth Monolayer Assay (ADGMA) which measures the growth 
inhibitory effects of test compounds on proiiferation of adherent celi monolayers. This assay 
was adapted from the 60 cell line assay used by the National Cancer Institute (NCI) with the 
following modifications: 1) ceil lines representative for the important tumor types, for 
example, MDA-MB-435 breast and A549 non-small cell lung, are utilized; and 2) a 
tetrazoiium derivative, viz., MTS, is utilized to determine cell density. 

The ADGlii^ compares the number of viable cells following a 3-day exposure to a test 
compound relative to a number of cells present at the time the test compound is added. Cell 
viability is measured using a tetrazoiium derivative, viz., 3-(4,5-dimethylthiazoi-2-yl)-5-(3- 
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS) that Is 
metaboiicaily reduced in the presence of an electron coupling agent (PMS; phenazine 
methosulfate) by viable cells to a water-soluble fomnazan derivative. The absorbance at 
490 nm (A490) of the fonmazan derivative is proportional to the number of viable cells. The 
IC50 for a test compound is the concentration of compound required to reduce the final cell 
number to 50% of the final control cell number. 

The MDA-MB-435 breast carcinoma line is obtained from the American Type Culture 
Collection (ATCC) and used between passages 4-20 following thawing. MDA-MB-435 
breast carcinoma is maintained and plated in DME/F12 medium containing 10% fetal bovine 
seaim, 15 mM HEPES (pH=7.4), penicillin 100 unlts/mL, and streptomycin 
100 micrograms/mL 

The A549 non-small cell lung lines are obtained from the American Type Culture Collection 
(ATCC) and used between passages 4-20 following thawing. A549 cells are maintained in 
RPMi 1640 containing 5% FBS. 5 mg/mL insulin, 5 mg/mL transferring, 5 mg/mL selenous 
acid, 1 nM p- estradiol, 1 nM testosterone, 100 units/mL penicillin and 100 ug/mL 
streptomycin. 

Ceil lines are trypsinized and counted using a Coulter counter to determine plating densities. 
Celts are then plated in their respective maintenance media (100 pUwell) in 96 well plates at 
the following densities: MDA-MB-435, 3,000 cells/well; A549, 700 cells/Well. The number of 
cells plates as determined In preliminary experiments, results in cell densities of 75-90% of 
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confluency by 4 days after plating. Initial cell densities, assayed one day after plating, are 
roughly 0.15*0.20 absorbance units greater than the media blank. NInety-sIx well plates are 
seeded on day 0 and the test compounds are added on day 1 . A control plate Is created for 
each cell line that receives media only in row A and cells in row B. One day following plating, 
test compounds are added (in a final volume of 100 pL) to the test plates. Control plates 
receive 10 pL MTS mixture (prepared fresh on day of addition to cell plates at a ratio of 10 
pL of a 0.92 mg/mL solution of PMS to a 190 pL of a 2 mg/mL solution of MTS) and 100 pL 
media. A490 of control plates Is read 4 h after MTS addition to determine iniflai cell density 
values for each cell line. Three days after addition of the test compound. 10 pL/well of MTS 
mixture is added to the test plates and A490 is read 4 h later. A490 values for wells containing 
ceils are corrected for media absorbance. then nomnalized to Initial density readings to 
determine percent net growUfi. ICso values are detemiined from graphs of percent net growth 
as a function of compound concentration. Percent net growth is calculated as (Cell Drug 
A490 - Initial Aigo/Cell + Drug Vehide A490 - Initial A490). 

Each of the compounds of Examples 1-59 shows an IC50 value In the range from 0.001 pM 
to 100 pM in the ADGMA with at least one carcinoma cell line. 



